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(57) Abstract 

PURPOSE: To obtain both a semiconductor laser having 
excellent element characteristics in the case of high 
frequency superposition, and a semiconductor laser 
having a window structure which can operate at a high 
optical output 

CONSTITUTION: A ridge mask is formed of a film turning 
to an impurity diffusion source. Impurities are diffused 
from an impurity diffusion source film to the middle 
part between a P-contact layer 5 and a P-clad layer 4 by 
the heat at the time of growing a current blocking 
layer. The carrier concentration of the P-clad layer 4 
is effectively increased, and the element resistance is 
decreased. Diffusion reaches a quantum well structure 
active layer 3, and the quantum well structure is 
disordered, so that a window structure is formed. Since 
the element resistance is reduced, characteristics in 
the case of high frequency superposition are improved. 
By diffusion, the quantum well structure active layer is 
disordered, and a window structure is formed, so that a 
window structure semiconductor laser capable of high 
output operation can be obtained. 
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mm i ] y •?i'Mit)&z-Mm#i'—fm&i- 
*«#«R±t. nummary 9 yvm. %m. r 

1#* h7V7*4K©y yfi>tftr#rSJMItKJI 

ftiM&>&±Eft2**£«> h'-i?>rk Lxmmtz 

ft 2 *»ES±* 7 y KSflcft 2 $«I!**fi&&#if B 

( »** 2 1 «*9 i Kfsm<D*mit ^— f ©sag* 

±e«2i**g.h*?y Kl*fctt*Lfcfc#, ttflc? 
MR 2 WtSQ K-/< J/ h t bT«tft-« i 5 fttm*» 

e> ft 5 7MHMtmnrc«> * w t trwt t 

[«** 3 ] w*9 2 ws* 

h&^mi&mimS., ZnO. CdO. MgOOVvf 

m. 

4 ] !ft*9 l lcEe<0^*{*: u-f ©Kig* 
tfclcfevvC, 

±E7IUMI:ff!jUiM:. KM4>4>;FMfe;iS**uft>b*0> 
TO±Eft 2«*g±? 7 y KJPfl»K^II**IHRtfc 

t * . 2 ammo k-^v k t lthmbi- 

1 1-5 i'—¥ , 0>«am 

<k 5 Lfc r i SrftiSi: f u— tf ©Kit 



2 

JtE^FtiE&ffitWKli, Zn, Cd. Mg*5K-7*$Jx 
fcA 1 2 03 . S i 02 , S i 3 N4 , SrO, fc5^ 

its i # K-^sn^A 1 2 03 m>f*va>-e$>5wi: 

[$*97] f&#9l&v>L6m^;h,A»|;:&®©¥ 

. -LIE* f 7 ■< T'tf© y y i?g|5|i, ±B» 2 &nM±9 7 
'o 7 KS±|C $ h Kft 2 «Sffift la^ni *£tf t 

189*98] ftMl&^L7avvffea»CEtt0¥ 

1811*99] S*9l*^L7mvf*ijW:82«©¥ 
±Ey s'fsyfJ'^^tt. ±SS^««W£«HSII© 

±R9 yiteyf-y*** ±fE-ew±IE«2»«Mft2 

±ie^«iSlc J; 5t£»»±, ±!2ft 1 ^«ffi«S(e7' ti^ 
30 [11*911] t»*9l/fV>Ll OOV^-fHWclS^ 

±Eft i mnmomm-fv v ^isra*ii*j*s 

ftl»«a<0««7*ay^lw±W^ffi{C, ft23?«S 

sa&mtifom k\cz<o nt>n *zk mm k+z** 
1 3 ] ti*9 1 1 \cmma*m# u—fmrn 

SW«»ii^figfitJ;5!»t, ±12^2 = ^^^ h/g(0 
7=-/H; J: 9 ftbHS z k Ztt&k+Z *m v-*f 
I®*® l 4 1 M*>g l 3 icttWKo^mft; v— tfroK 
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3 

-hE¥«ftg«l*nSGaAs£Si. ±ESSl8ttST 
*9yKlttn- (A 1 0.7 G a 0.3)0. 5 I n0.5 PT 
tyym. ±EfiteSttI n0.5 Ga0.5 PfiH4Jg, 
-hESI 2 7 y Kill p - (A 1 0. 7 G a 0. 3) 

0. 5 In0.5 P±*7yKl, ±ES& 2 $«S8! 1 a V 
*7 MBp-GaAsSlny?^ M, ±ESg2$ 
titla^y-* Ml4p-Ga Asl2a^^ Ht?fc 

[»*9 1 6 J ft #1*8 fcv> L 1 5 izefte*** V 

±Effittltt, H8©Ga0.5 I n0.5 P»*#F§ 

1, (A10.5 Ga0.5) 0.5 I n0.5 Pft^^Tl 

[ff}#9l7] flt^« 8 <CV x U 1 5 ICMO^flc U 
-tEflfttltt, InO.5 Ga0.5 P|»fi!)45 

imm is] y y ^m&mxmt u-n'Mei 

loSttl. 2 Jims-h* 7 y Kl*'>* < k fc 
±E¥ttfi«Mbl±«>. tt-CfcrtSftSJJyiTttoBW 
file, *iu»»&J:BJ:**y Kl«PfcttfcLfcfc*fcJ& 

±B¥*tt£M«\ ±EJK2©7l(1MaH«**© 
y^xyf-yyVxyfcfflVvt, ±M%2mmm±7y 
^y^y^-fsigi, 

y s' s'ttomilftlctt y ^ iJgiJ«ra»iitpJ; ? fcJS l « 

ifirowt:/ d-^i *ra»a**fti-s is t > 

J: <o y y i>* h f jf 7<m.<n> o hnmm 

2 its© v-\fy{rk txmmt&m**. ±b±* 

yy Klfc8T±E**#F*iB<0Sttli;:aW-**-C 



(3) 

Kgtt®«p-ea:»*iifcffi*t*iv^T±Efis 

1 9 ] !fi#9 1 8 KBtt©¥«# U-if <D® 
±E&2J»«SU:*7y KlflcffiftLfcfcS. BtlE^ 

[fft#9 2 0 1 g&jfcS l 9 KE«©¥$ft !f ©& 

iE^M^feKM^tt, ZnO, CdO, MgO<Z>Vl* 
te. 

2 1 1 H*9 1 8 »cE«ro^*ft: 

2 2 ] 2 1 lcE«o¥»ft TOR 

±EJF*fitott*WBI^©^«ISi© h'-fy^*iSrWi- 
5 £ t »c J: »> . KKTOl^ttft1-«7M«o«««rM 

30 ^jfe. 

151*9 2 3 ] fgjfcJS 2 0tfcli2 1 lCE*©JNffl: 

±E^tttett«HR«»±, Zn, Cd. Mg J}* K— 7°$H 
fcA 1 2 03 , S i 02 , S i 3 N4 . S r O, fe5V> 
liS i # K-7*$*lfcA 1 2 03 <DV^T*V*>-C&5 £ t 

IIS*92 4J 81*91 8/,e^L2 3<mvfftjWcE 

±E^ h 5 W 7*^0 y y v?SPI±, ±E±^ 7 y Kl±li 

[»*i52 5] 18*91 8^cv^U2 4(0^^•fi^^E 

B#<oii«fifcft-7 ^ ^ 1 1£ 5R«r^ L . 

±Ey yitay ±E ; Er<OJ:lc^2«mSm2 
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5 

[SS*«26l §M*Jgl 8fct^L2 5©vW*uWcE 

I'— 9* <OK!£#aiC*3V >T , 
±E&&SlcJ;Sid;)?!cli. ±ESH*«a«it/njr* 

[8t#Jg 2 7 ] ffiftg 1 8 /«tl^L2 6 <DV>-f iuMcE 

±ej& i w*9©tttt7a y tfc 

2 8 ] 8W#>g 2 7 fcB«©¥W#U'-ir©K 

JtEMUK iiffifttt, -tESfl 1 *«M©il7'n y y 
l©«»a*ldtftfci51Rt, ±E!&2=iV*y h®W 

[fS*S 2 9 J 2 7 £Ett©¥*tt U-tf©« 

±CftMtil£ J: 5tt»tt, ±ES& 1 WSSmffiT'o y * 
fefijSg^rojRii fc «t Dm*; S b££t»AjftJHfc© 

3 0 ] 2 9 ££«©¥*» ©b 
©8» ±E««:/oyy^©efirtfti$©fi, 

*/NO-«©»iB«»6m*b, *©&&©*+#&*£ 

©Ki§#fc, 

Iffljjyg3i] fit#«2 4fc^L3 0©vW*;ft,>NcE 

±E¥*!J#g«l± niGaAsifi, ±E» 1 ««ST 
7 7yK!l*n- (A 10. 7 G a 0.3)0. 5 I n0.5 PT 
tyyVm, ±IEfiHi€ttI n0.5 Ga0.5 Plr*#F 
fciSSttJI, ±E8 2 **ILk* 7 5X Kill p - (A 1 

0. 7 Ga0.3)0.5 I n0.5 Pi^7yKi. ±E&2$ 

1. ±.tZ%2mmm=>>fi* hJI«ip-GaAsSg2=i 
Vyy hJlTNfcSr£&#»i+5^!|ftu-if©84if 

[!»#Jg3 2] ig#«2 4fc^L3 llcE«©¥*<*: 

±Ef£ttSli, 8&©Ga0.5 In0.5 P*^#F® 
i:. (A 10.5 Ga0.5) 0.5 I n0.5 Pt^iJ 71 



(4) 

»« i i-5 u—if ©«!&£&. 
[S*«3 3] «*JS2 4/ < fV>L3 l£Ett©¥ttfr 

±EfiH4J§li, In0.5 Ga0.5 P g D ft 5 

IIS*«3 4] 8S#«1 8/j^L3 3U:Ee©¥$tt 

±E3B 2 (DJF^fcS^Sr/^^-^^^-ti^&tt, 

±Ey yi*Eyf-yyV**«r-r*y k UT, ±I3W- 
1f ©&8«c^fi!c©«l::-?: o fc±E* h 7 -f 7*#©m 2 © 

#© 2 o©**fcfe&»}!ilffiS ^^-r 5 Ig t *» 6 ft 5 1 
» ©T-feSr££ft»£1-S¥«fc«'-1f©§«§m 
I?f*«3 5] g|*«l 8!i^L3 4<DV>i*iX^IC|B 

#®kt£Z>mB&LL1Z<Olb, rHSrU— fO*««K 

[ts*9 3 6j y f ^sft &*m*m# ^-vzwt 
•Tzzmtts^x. 

jiwffittS, 2 3?mM±^ y y vm Sr'>* < k t 

Sic, -ErnA^iE^yy Kl^Jclfi^Lfci: #tc«2 
*«M© K-^> h k LXBtitt 5W.*&$tf%2<0* 
M«ttftKR«r. ±E**tt^fil±©, ^T«^n 

/< > h t LT«m-5w^ «:^tt» i o^tmmmm 

«r^tf. ^«*tt*ltt|/<i'-i'«r. ±E^h7^7-^ 
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7 

±E*WfW**«*r, ±E^»*tt«aiW«r^tf±E^ 

SrfflVNX. ±ESS2«®l!J:77y KSi&^hT^ 
T'tt© U 9 y y S?x y f- >?tt>T 

fit, 

y ?i?E©HffiM:ift!J! 3r?*taibi&trJ:*K:JBltt 
flWUUc J: o ±e y y h ?-f 7m© o *>©&«& 
2*«S©K-tfv^iLT«tB*5JS*fc, ±E±7 

k k tic, ±m l oTIMMfcKMfrb 
±ESg2$«S© P-tfV^fc UTt8ffit5^«r±ia 
±* 9 y Kl f Cttft $ ±15 y y i>g8©SS 2 
±7 7 y K14>tJg 2 W«a*Mft**bftft*lMe 

is*^ 3 7 1 m*« 3 6 tzm*m mm 

±m i , Rm 2 n^mmitmzmtz tm 
«, 

3 s ] mm 3 7 e*<D**# u— >f ©sat 

±Etm*^-&li7 , 7^CVDfcfcJ:^fi£U ± 
B*l»H*iMttx/< y * ifcfc J: 0 Kft U ±E:®iR 

imm 3 9 j tstm 3 s E«©***ft u— fnwt 

14, ±12 y •y*xb7'<7®®±.<o®m&&t'<%m 
*cs 2 <n*m>mm&*te& u *©&, ±e»y 

*7, h 7^T 7«Ws±©£*fc* 1 ©**£8)id:t&iIBI«:gr 
g©J? $ «it»riW 5 ©-?$> S £ £#{S £ -f ■£> 

1§S*JS4 0J M**3 9Ettff>¥*flci'" *'©©!£ 

±E*i. &0 ; IS2<D^fefi:®:ag^Sr/< ; ?-ny;r-f 

ttA&Jt t fc !7x/N±0±ffilC^ 2 ©^MMftftMR© 



(5) 

8 

*©©*>& 1 »JFi**ttiWMifc/i8*mi»»fe«a^^ 
±e y y h 7 >r 1 ©roftttfHMttmst 

4r^^^iLT, ±ei^tfo««08rt*«fc*ofc 
±E* h7^7-^©^2©^^t4:S:ilK©Bffl95S-3i 
yf v y'&il-SXSi: fl^ft* *>©•?*>$ r £ 
k -rz*m# t"-tf ©Kit* ft, 
I»*«4 1 ] »*«3 9E*©***!'— f ©«» 

±esbi, atra 2 v^r 

i&ifi&g Lfc <73:/>±©£ffi«c:SS 2 ©**6«jiSftiliglg© 

1st, 

±Eit«ig^fi£®«clC-tofc7 Yyy(zf#.<»%2<»*t& 
jo fefefftiRK, SVr*i4r-Er©±75>e.a9±E^l<0^ 

© y y i'JIMfiW^ofc* h 7"tt»c^^-=y y* 
1-5 X8 1 C ft 5 fc ro-Cfe 5 r k m& 1 1 5 

[ft*S4 2] 8S#£3 9ftV^t4 1 ©V^-fn*»KE 
«©¥»# W-1f ©Kig^ifeKfc^T, 

±E^tt«r*t»jiKtt, **i*»6to«**W»«W 
±Em 2 3J«3!±y 7 y KJgf fctt* tfc k ^JS^ 
^ 2««i!© K-/<v h t tT*E1-5 ± ? 

— y©Kit*ft„ 

IIS#JS4 3 1 »*«4 2 fcE«0*«#W-r ©K 

±E^*£^t£KjiKl4, ZnO, CdO, MgOO^f 
H^*>f,ft5r t Sr#»i1"5iNI*^— fvm* 

4 4 ] SI#IS 3 9 ft V > L 4 1 wrtlMCfc 
« T©±EIS 2 ««M±^ 7 y VM4HZ*mt1W!& Lfc 

[»*«4 5] tt**4 4fcEE©¥W#i'--9 , ©K 

±E^#MW£«aiW^©^**© V-XV?&*M®+ 
ZZkiZi.*), ttKT©l^ttft1-S?ttfe©ft£frM 
± ? K tfcc f: St«f® 1 !T ©Kit 

urn, 

so 11**14 6] S*«4 4Sfc»44 5tE«©^»» 
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9 

±G7ttlittftM(H:. Zn, Cd. Mg*sK-y$n 
fcA 1 2 03 , S i 02 , S i 3 N4 , S r O. $>5l^ 
lis i a* K-^h-fcA 12 03 

±se* h 7 -y 7*#<*> y y vmt, ±iem 2 »as±^ 7 

7 KS±lc$f>|cf&2i!Mli!S& 1=^7-7 M*£tfi 
(S**4 8 ] St#ig4 0 £fctt4 1 {c®mo>*m 

[»3HS4 9] !S#«3 9fci^L4 8mxf";h<7W;:fa 

±Eftftac <fc Sitftli, ±IBSS 1 $«3!«$l7*n 7 * 
I©**ii*jfcft tc J: 5 &ic J: s t> ©x-fc 5 r i: 

[§1*150] K#J!3 9ftV>L4 8<OVvf;h,JW:K 

-tffif& 1 tttaotft? n y 7 1 Lfc 
ft. ±R*)yi?U, RX}Z<OMn£®*>&Z.&&ZH1t 

±e#WHifc j; 5tt»(i % ±e* 1 ^msmgiyn y 7 

IWffiftii^fitCtSfii, ±!Eg52='>7 7 M© 
t£i>ric&l$tf>&<t let 0 ftfrtit - t t 
ftu— iffDSSi&frfe 

I?»*«5 2] f&#«3 9ft^L4 9C0^1*.fi,;W:ia 

-henftaK i ue$ 1 mnmmm^o y 7 

7--MC «fc t) TTfctiS ~ & -fS^^ u-1f 

[8»#S 5 3 ] 5 2 ICffitt©*»# I— if ©8J 

±ie£E=:x7 7 h|OttMtft4>ftlcj:9 f©< <bv> 

&tr=-A'«rfT ? r. i: «r1#*ti-i*»#u— !f 
t!t*«5 4l »*«3 9<cv»L5 3W^1*iX*»UK 



(6) 

£B 'J 7 7 f - > trntittz. ±&*&to&llt.wm<r>±. 
±EU 7 yf>^«, ±IE^ro±»c^23|fl;S!^2 

l»*«5 5j W*«3 9*^U5 4«)^-f*i*»fcE 

>o ±E¥»fc£«l*nl!GaAsg«, ±SaSS 1 8|«I!T 
777K®l4n- (A10.7 Ga0.3)0.5 In0.5 PT 
7 77 K®, ±E&ttS»4In0.5 Ga0.5 PJSttS; 
±EM23!:«S±7 7 7 Kflttp- (A I 0.7 Ga0.3) 
0.5 In0.5 P±777K1, ±ffi^ 2 »mS!^ 1 a > 
9* Mlip-GaAs^l3^^ h«. ±E«29| 
HSfaV^^ Hlip-GaAsS23y^7 
5 i t «r»»t -TS^* If ©Siig^fe 
[l!J*«5 6] »*93 9/iV>L5 5IC|2e©i|i»ftc 
\s— <f<OM3t*ftlC*5V^T. 

w ±l2Stt^J±, «jg:©Ga0.5 I n0.5 P«f-#FJg 
(A 10.5 Ga0.5) 0.5 I n0.5 P*^UTl 

[S)l*95 7] f»*«3 9Ji^L5 5lCffitt©^#fr 

tfwKit^teictJ^-c, 

±ieffittll4 % In0.5 Ga0.5 P i^S^J: 9 
[000 1 J 

*a*»f^a»wiB4*j»*i^— f©«it, xif*©M& 

[0002] 

[ftfcW&afl ft*© I nG a A I P^«3fcl' 

-1f^*-K" , KlO^m ' Short-Wav 

elength InGaAsP Visible Light User Diode ', IEEE 
40 JOURNAL OF QUANTUM ELECTRONICS. VOL. 27, NO. 6, JU 
NE 1991, Gen-ichi Takahashiet.al. , {rfl}#$*VTV^ 
5. 

[00031 JUT, mnm&l nGaAl P"Tffiit 
S«r§lffli-e„ fittftl nGaAl P^«*U— if^W 
ft I nGaAl P "IftjtU— tf^ KU*5V^TI±, 

so <OJiiP5rtfcP>L, rixltl nGa A 1 PttftgCB* 
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&<0&mmWtem*Wr>t><»-^ 6 3 0 n m/^ K 
©Rg©$a&g3S&;6\ K©Stf*<t I n G a A 1 

Pf- iflcfcir'T^^tifcctis, ro:a:ift-ef±$fi£ 
[0004] i. 

0. 6 vm<n$l&m%V%m-S I nGa A 1 P^&ft 
U-*^*-Ktt. iaS&£jfc7V**">*TA, 
tfi!!St&l'-if? , !J v^Wttftfg&JIi^T-fcffl©* 
iSt L-C£<©»5fc£fcfcfl-Ctfc„ InGaAlPW 
— VO&immiSL (CW) SSftli. 670~690nm 
©Rft^T? I n G a PETcSttJfKatU 1 9 8 5^»C 

m<om, num. *jitws«iitt«f«)i'— waeo 

10 0 0 5] f» 994*- Kfttte*-?, Hi 

HJAtt J: WfflftftlM&* I n G a A 1 P U-iFWgB© 
^©fcafcttfigfcRH-Cife*. XtttfjIMUi, 
3fc7V*^©jSffllCfc^T5^$H$. SE*©GaA 
1 A s U— <f©ii5ffl*i)^Sr^5fc»lC»»?)fflV^ 
ixT^5S*W^*ffi|i, I n G a A 1 P^lCtSffl^ 

somwtiism^Kocwii^s, fc^gtt® 

9*m^Zz.bKi.vX* «*- KJf*fl:*ftfc i nG 
a A 1 PW~ »Fl-oV^^$ixfc 0 £fc320mWffl 

ZilX^Zo SStnrt I nG a A 1 P U— f ©fiffittKfc 
V-Ctg^eSrS^atjitTV^. 2 0mW©ffl;*j/<<7 
-*HMK*- h'$%ikZtlit I n G a A 1 P U— ftf 

(0 0 0 6] 1 990^*5tt5Sffi^)I nGaAl P 

nGaAl P U-1PKo*vc> 8O*)£07 5mWKi|| 
6 70nm£tT-C««i-5S«fiI nGa A 
1 Pi— f94*- KOHXtt. »MHW<r***fll 

3 3 nm) £ftfeS&S^»arag©*S©3te8S©kSL 

[000 7] g&gl nGaAlPl/-Wt-K* 

[0008] 1) I nGaAl P47cS£l©{Effl 
2) **#Fflli£ 

mm 

[0 0 0 9] Sjfcgl nGaAl PU- 994 *-V* 



(7) 

SSig I n G a A l P©£KS©<£ffl©fc»lwi& 
3. £»S««K*Slt5fflg ' 
$H4©&<bl4, Sttl 4 p 9 y KS i ©IB ©* * V > 

B?fc5fc©iSfrii5. 0--*t8li**&/<}'K* 
*yf<r>93y KlSrfflv^ri, $fcl4iiSiBl£l- K— 

G a A s g«(Ct&*g£ UinGaAl PSWlC J; 
OfcfcSftSffifl&fto. tWot, IStfilnGa 
Al Pf~ f^^--KSr^St5fc»lc»± x iUfiSJc 

14, I n G a A l P U—f 94 *- KWit&fttt&ta 

zo [0 0 1 0] r.©&:fcli, I nGaAl PnmftU-lf 
94*- Kwg&gftmco^-t ©«*©£«©*£££ 
a- LT^5 0 fifcg I n G a A 1 P f~ 9 K&ffl 

ft I n G a A 1 P ^ah- K©H^*<«12ifi$ 

[00 1 1] II. #N~K££fc£*lfcI nGaAl P 
f— (f^*- K©§g«*it 
M&fi I nG a A 1 P W— KOSISOfc* 

©fc»fc**Cfc!>. *fcKfi©IS8&©£ffl©fc©fct> 
01 411, KjeeflS**lfc I nG a 

a i p u— f oft«tt*«rt«r*Lrv»*. r©«it 
li. !; y VWKD 9-7 n ^ h 5 * ^+-±^©51 
«ritS«rfflffl-f5n-GaAsS©j«SSr^*, 3&|£ 
o«tt^Hft¥MiAft (MOCVD) felc«k»)^K$ 
ix5„ LAuSJ-oT, *©«ji«:SKWt*J65i*nfc!> 

[0012] S B R V— f fc*lt8**- KM Ci4» 

^©<t 9*y yiWST*tt. ^ h7^7'i:-e©^©ffi 
«ct©Ffl©Ha®#f^ANeff I4ffl*tf-A©*»tt 
<0fc.«><D&gt£7T9 9-Vi>Z>. ANeff l4#S©ffl 

*£© n - G a A s t ©W©Sggt h (C <t o Tft^ 5 
Hi 514. I nGa A 1 Pgftli I n0.5 (G 
a0.3 A 10.7 ) 0.5 P^?y KS©»^©d i h©B8 
fti LT©ANeff ©WfiL{?JSr^UT^5. ANeff© 
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[00 13] 01 6I±, «*-K*SftI nGaAl P 
fflCiifeiSp- I nGaAl P#5y KSip-GaA 

TD^Uf^p^y/ (HBB) fbWtiili. 
HBB u— tFroSjsEK Ci&)MMI«>raaB 171:*$ 

^TfiUB$ftS*m'<7>-*ttB2 h£H 
TV I nGaAl Ptm©fc«Wfctt»i I n G a 
A 1 P £ G a A s £ OROtttiFtt*** A E v 
*tV^£l!*>5, :©/^Wi«lip-InGaA 
1 Pip-Ga As ^:<0#®•CW^ffif^^•m<oytl7r'( , 
/WfcjS^T*-*©** y 7fc# U<!J + £ UT«< * 

*fc£TSiIH£*$. p- I nGaAl P 
©Alfij«it*s*»i*)*#V>i:t, tS»Bl7(a) lc 

5 £, p- I nGa A 1 Pip-Ga As £ 
©JJBfclii&h.fcvv, jBlI«Mt*fc©*/<4 nG 
a A 1 PiGa As itOfS^ipiao^VK^+s'^^ 
A***o p- 1 nGa PlSr»Xi-§ r. £ fc ioT® 
»£ttS. LfctfoT. HBBl'-f©^ Vy47'ffi$. 
OJBttCtiStSBl 7(b) C*4*b5«ftKj8V^T* 

I00 14J SBR&itfHBBl'— iftfJft^&liJi 

ftaiT'o-fc^fcHLTH:. HBB 
2 gfgWMO CVD^gT'ot^ 
5<ot?SBRU— r*!)j&JH-&0#*A-Cfc&. :ii 
h<o® i 4*jj:^h i e Kft£fl:«it 

fcWfitt. I nGaAl P U-if WStjttC&ffl $ 

[0 0 1 5| III . &fcgfi&ftOfca<DgSlfi<lfc1¥£ 
I nG a A 1 P K©3£ig8fgSrSKgfc 
lc*Jlt5fflJ8ttlifiH4S*>e pS* 7 y KJS^©« 
^•y-^lCj;5tOT-&<5o Hi 8H^SK1E-C<0 1 n 
G a A 1 P^7>^r n#jgl^-iFo«{K6<jfc/<y 
-f-Tr^Afc^LTV^, InGaAlP^Wn 

:x7*l££J$Ol nGa P - I n0.5 (G a 0.3 A 10.7 

) 0.5 p^^7umm<om^mm<omto. 

19eVffc5. r^gi!^xDy?y+©/h$^iiro 
fcAlcttA^tlfcmSKw-SSliffiltl^b pS^ 9 y K 

[0 0 1 6 J «-?«)^--/<-7B-«75a*tt«fflftfPl- 



(8) 

(H18#B!) *J:9K^a*T?«)jlSir^««KfiH 
"t"575» 3. Hl9lil nGaP— InO. 5 (G a 

0.3 a 10.7 ) 0.5 pyy/^Tammnwmmiss. 
a j thi4ffitti-.<ofeaAmjf£ j th(net) # wm^m 

foil <omz*.iT&t>ZtlZ>, &mxmffi®&l*2 0 
0KW«H4iagS:t)OjlSft^ttSr^LT:v^5. Sattt? 

* 7 y vm t mo&mmrw^r oa y -t^&txm 

[0 0 1 7J tWtw<-7D-|JJ:!)IiSg(Dl'- 
•f ^-f *- KIC £ o Ttt*1-£-fB8Sfc t <0 £ to TV > 
5. C*vli, f£ttl£*7* Kl£<D|ig<D/<y K¥+y 
T^A^MOjfcJ^jgB-f S'vr n /< y +iS5 $ 
Zhttbir t>W(?fe5„ LftiSot. M&ft^&Kfc^ 

so [0018] n+Ot-^-y o-ttfiHti<Dfi»«fO 
?7x^$ l^;u£ p§l* 5 y Kl<0fi#»©JiEf:Offl 
©'< y *it{ £ SrJIAH- 5 r £ J: o T«'>-f 5 r £ a? t? 
#5. Hi 8l^$ft5i5tc, ^y-fS5$« pttStt 
1£ pS* 7? b'MkomvO K^-v ?7 , 3:^/t'¥ll 
£ pS^7y Kl©7x/i/* U'</i'Efp£lcJ:o-Cft!6 

Z*-As<D&mzi.oX8:%:$iiZ>. LtztfoX* 6p 

1ttyy VMWftlfrZm V >$ r £ i o Ttt^-rs 
so ^£d5T§5. 

[ 0 0 1 9 1 H 2 OliSlfilS^gw©^/^ 

In0.5 (Ga0.3 A 10. 7) 0.5 Vifyy Kltto 

« >»StSie^7'r7^^Aa5I nGaPffl^i^L 

[0020J H2 0»r^$lt5<k?(^ .fcQgttJtQM 
^oiglTtt, BBfiSiiEtt^^AlfflfietfcSrt)^, 
W<v K¥-v S /7'x^/u^£ii5 1, ^-/wjgfl[£ Sr to 

#5. InAlP (x = l) <D/<y K^-ry7*l±#ie« 
Tfo*). fiiS^ro^-7-lry Ull n0.5 (Ga0.3 Al 
0.7 ) 0.5 PO^:lxJ;n/jx$(,x^, ^niim^©2f--/< 
so -7n-$ r <6«ct5aif:?:to (> "nil. @18©/<y 
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[00 2 1] IV. SKfe* 

figltt , J: 0 HiV^-^igaii^ftg InGaAlPl/ 

ftKitS^A 1 «j£JtO InGaAlP l::ov>-a4HjB£-C 
&5, Lfctfo-C. y- 9 y KlOftS/iA 1 *&f£Jfc&8 
Kti-mtfhZ. H&TI4, 0. 7<DAl*afifctt; (* 
r-Clil nGaAl PttS^OjS^AV y^Srt 
O) , #gft$ftfc„ ZnpfflK-7©»*fctt. fl?]fg 

£1*5. fiH41-<OZn<DS2:®:«r4i:)iv^(OK-bf 

5. Zn K-bVy'Ofcttli, I n C a A l Pjf-fA^ 

ttl^&ftfi, ftilfcfilcft*#©fc£-?, 6X1017 
cn-3WT«>7 * iSa u~<vu-CI4jg # *t» £ & # & 

©<£ffl{4, £Rg InGaAlP U—f?J*- h'OM. 

mm#mz&WLit. z<o&mc**> y masaak* 

(00 2 2] 02 114, I nGa A 1 P U~1fWig$8E 

»**l/a*5. 0K*£;h,S<fc5l'. ifc±fi]fft&«T 

fc\ W*«jfmsi4<fc«{6<ft<5 0 wtvtt, ±ELfc 

*v*„ ft< K-^SftfcpSly-^y K1<D3!i£:I4, 02 

fc. 02 llc^SfiSJ^fc, 7y-fc:/y-8Sas5x l 
0iW3©f:#{c:ii x Tmax \zr>^xW%t£$m#JLb 

[0 0 2 3] SJSSUK-T'Sixfcpa^yy Kl (p 
= 5xioi7 cni -3) zm^zkiztix, ft*CWjfi 
ai5E2 1IC^$JX5J;5IC6 5 0 nm<D%M&%ii> 

o^—!^ ! ;co^^T7ot:^'*-^?t8AD^i^fc„ 0221*7 

V-fftmmznL-fn y h Sftfc 6 5 0 n mOKft© 

sbru— ltv«. £*>*\,wtm 

4 9 SflrVT * * ^ 8a?rffiffl-t-5 r & 4 o xm 
<bftfc„ 02 312, t-b'»^SM5 OXIX-J)*- h 
£*lft>&V>6 5 0 nmCOU'— f{Z-0\,*X<r)x-—i?V-!f 
TXb<D%%<Dffl$:7FLX<,'>$, iff) u— tfji 1 0 0 0 
B*r^±iftf^Lfc. 6 3 0nraSffl I nGa A I P 
MUSI'S fcftir, ffittl(DA I ffififcitttO. 1 sir 
•fey h$ixfc 0 r(047cSttS*3j;UtI n0.5 (GaO. 
3 A 10.7 ) O.S Ptyy K®«rt>oS B Rflf&4<£H 



£*l£.<, 02414, r<06 3 0 nm^OSBRU'-ifO 
3tta^*fa^ttSr^LTV^. 6 3 8 nm<0Scg"C<0 

^jacwid^^fiit^ti-fc. 2 5t:-e<o[Siiai8lti4i 0 

OmAtfcO, ^B-^fliO. 3 5W/A/JSiT 
fcofc, S«ISci!)^l45 0 , C-t?'bi»^$ilfc„ £©»){£ 

mci:oxi>itbisiMzv-t mmo{&%L<r>%}&X'hz 

[0 0 2 4] JS8g»)fm*fc, HBBfcit&fcffl-j-* 
10 wtlCioTtSfifc^iXfc,, 02 514, 6 30nmfO 
HBBW-if03fcffl^*rtl»E#tt^LT^5. 6 3 
6. 1 nmro»ft-CO*-«E*-K»S*5#f>*vfc, & 
Affile mfc4t«i£fc;frAt , <0tr-.M£# v 314-ENh. 
f»l8. 5° J34tf3 9° Vhvlt. Et±, ±SBXK 
(1) LTt&fcO&gtg I n G a A 1 PW^JfeU- 

?¥4±- b'\Zo^xmL1ttK «*<00. 6 
7«mS©InGaP/I n A 1 G a P^^Wftru— if 

*> (0 0 2 5] 01 114, ±gE*gfc(l) KSE«£*Lfcfc© 
i^O^*<D0. 67/nnSOInGaP/InAl 
Ga P^fD^ft:^— f<D«Bi0tr^L, 01 2»4K^ 
f©S!jglS«:^i-»f®0-efo5. 0 1 1 fc*5 
V^T, ll4n-GaAs#i»#g;& (^«««s»«»4 1 ~ 
3X10l8cn-3 % J?^|4 9 5 /i m) TfoS. En-Ga 
As*3|fls:StRl±|j:»4, n- (A10.7Ga0.3) 0. 
5 I nO. 5 P * 7 y K® 2 (^j^SStt 1X10 17 cn 
-3, ^©141. 5 urn) jSSEBJ^. Kn- (A 10. 
7 Ga0.3 ) 0.5 I n0.5 P*?-y Kg2±W4, 7*s 

30 K-T-CDI n0.5 Ga0.5 PS1413 (&J?I40. 07 
wm) *5Eg$ix5 0 gtl n0.5 Ga0.5 Pgtt®3± 
1^14, p- (A 10. 7 GaO. 3 ) 0.5 In0.5 P_h*5 
v K14 (^MttiatiS x l 017, TOMiiz nXI4 
S i, ^«C|40. 25jim) Kp- (A 

10.7 Ga0.3 ) 0.5 I n0.5 P^7-y K14©>) 
U (y y^jS8?<0<§»45. 5^m. y yi?±g50<@(4 
3. 0/im) 4a±©g5^|rli, p-GaAsSlay 

hss (^^»a»4 2 x i oi9 cn -3, mmno. 

4 um) *SEB$tlS„ &p- (A 10.7 GaO. 3 ) 0. 
« 5 I n0.5 P^yy K®4©^Rg54 b±lr|4, n-G 
aAstl^cy^!9 (^M»8gl4 6 X 1 0 l^c 
tn-3, mmtlvm) aSffificfixS. ±l2p-GaAs 

K®5Ji, SV±ien-Ga AstiT'p 
•y^®9±(C(i, p-GaAsS23^?Hll 
(^FM«lSai4 2 x l 0'W3, KJ5I42. S«m) ^ 
Efi$*v5. tfc, ±!Ep-Ga Asf23^? hi 
1 l_h(CI4, T i/P t /A u±!)'i5p ©lUffi 1 2 ^ 5 
Efi^ix. p-Ga As IffllKli, AuGe 

/N i/T i/Au i045n«l*«l 3Ji«ll*ii 
6o 5» *U— !fW«ffife|»V^fc8i5»wSi$l4l OOiiraT 
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hi. 

[0 0 2 6J El 2(Cfe^T, 16li±Ep-G 

a Asf 1 hE5±iCflM£*tfcS i 02 Xtt 

S »3 N4 «t»J/i5ii^S^^^. 1 6 a li&ilfciiS 
gv** i 6 *s?£ti1zx hy<<7Wm&. 

(OSftfifcftv:*? 1 6 a Sr-r^fcLTis'f-V^bT 
te&Ztvtt, p- (A10.7 Ga0.3 ) 0.5 I nO.S P 

[0 0 2 7] fclC. ^fctfjO^SftU-lr'©^^ 
£El 2«r^SLTISlW1-5„ n-GaAs*» 
ft£«l±|C, n- (AIO.7 Ga0.3 ) 0.5 I n0.5 
P*?yKJ|2, I n0.5 Ga0.5 PffittS3, p- 

(AIO.7 Ga0.3 ) 0.5 I n0.5 P^5y KJI4, p 
-GaAsSlay?^ hJ§5<D£J§«\ MOCVD 

(Metal Organic Chemical Vapor Deposition ) fclij; 

0, 7 5 0° cotigmmx-*.* 

j£fi&©?3^<D»rffiE£El 2(a) 
[0028] ftliS i02 XJiS i3 N4 iOfcSiifl 
j£gv*M6£, 012(c) iC91-J:9«X hyWT' 
Komi 6 a (CX^-^^-f 5„ * h7-<ye?®|±5 
~1 5^m^a-Cj>5 0 COiiftffcg-r;** 1 6 a 14 

012(d) ttiW-J:9ic, z.(»W ! m&rr*9\ 6 
kLXV yi?Z1fiX%Z& ! )x-y=f->r*'ft 
3. ^ro^y^V^-Ctt, p-Ga Asfgl=»V*-* h 
I5t, p- (AIO.7 Ga0.3 ) 0.5 In0.5 P^5 
J>KJl4roi£cp OtOlJlfcO. 3MmS-f) fd-y 

ee&e 1 2 (d) icjjrf. 

[0029] &|;:E 1 2 (e) ICtSW-J: 5 fc, Sfc&fi&S 
fcff V\ D y *g8tt 8 Elfl-<D@j?r £ n - G a A s %m? 
0^19 CF&tlSSli 6X10 IScb-3, Kffll 1 ^ 
m) -cafeiitf. ClOt^y s,i>&#8-Cli, Sfttfg 
T^^16a^}gfie$TVCV^fc«), ^<0±lr»ifeS^ 

TCUU: (5 5 0° Cflf) IC-C^3 0»WM$IV5. 
[0 0 3 0] 9:1^01 2(f) l^l-ipIC, ^yht, 
SVMlK^^is/^^^CtOS^fi-v^^ 1 6 a£ 
SfciLfc^, ±IEy S /> f 8±, Wn-GaAst«^ 
n^lOiilC, P -GaAsS2=^nillS' 
S&fcf&ijSg-rs. fcSi^li. ^{ci;c.r»i. Hi 
2(e) ©ttterog, JL|2y j-^yfv^^ 1 6 a 
*IW«lthi 12(g) e^+tttttu i^li-es 

ZnO**»6*5T«*ttWSW7*±E!»yi?» 

fetfcKKSI 7 «pro P ®JF*«4jj£±ESI l = 9 hf§ 
5, »Vpffl±^9y KB4«PKtt*LTpa*t««* 
10£fiMU ^tt«Jtt*aaK7«r|»*L, 0 



(10) 

;<? 

12(h) |I*-t-«t9(C, ^x/v^ffilz^ay** M 

1 l *£fljft«H- 5. 

[003 1] *r<0^ n-GaAs*mcifil«ll:A 
uGe/N i/T i/AuJ;*)fc5n(Bieffil 3&, p 
-GaAsS23^^Hl lfflSlCT i/P t/Au 

.ttxcipdimffii 2«r, *>sv> 

I4EB (m^tr-A) fcSVMi^y^fcAoT 

JKfifc-rsrtiw.tn, s>5VM4jiia@i 2(g) <Die© 

±!E<D < tp^mffi^Srff5Ci:lw < t!), El lie 

[0 0 3 2] KIT, *ft*0«<Dm ftftKo^TSHE 
t5o SiVBl l£3*Lfctt&0O. 6 7„m»Oi|i 

iE, ndimffil 3ffi!ll^i:/ < c$J:?|c«E$'gJiDt5 

3E5L (*-yU) tt, p-Ga Asi23V?!> hjf 
11. p-GaAsila^^H5, p- (A10. 
7 Ga0.3 ) 0.5 I n0.5 Vtyy K§44-gT, In 
0.5 Ga0.5 PSttl3^ n-GaAs 
*$#&&1, n- (A 10.7 Ga0.3 ) 0.5 In0.5 
a> P*7y KJg2£&t\ I n0.5 Ga0.5 PflH**3fc 

U J3H±«3rtT&#fcflW4t;3. ZLX. *+y 
• T<&i£Aii£-f-#j$< LT, fittfls £9&S*ttilK 
&^X*<D#ikzm*.5>ltl>m±i-&£i\zi-ti& v 

[0 0 3 3] 9 •yVm%\Z^X$ffltZ, El 

l<Dp- (A10.7 Ga0.3 ) 0.51 n0.5 Pty y F 
i4tp-GaAsil3^^ M5i*>f,45!)y 

shw* 8 sr*-r s y y s?*am fa^Yu y^<D y 

J* y^«8SB^£1^.0n-Ga As«i6^cis/^l9|c 
«fr*VO>5^*£-m, p- (A 10. 7 Ga0.3) 0.5 
In0.5 P^?yKl4, Rt^p — G a A s|2a^ 
* Ml 1 ±IBn-Ga Asti^nj/^i9, t 

p-«fill 2<m&iEtfc5J;?mESrRUraL-C'(n 9? 
^*S8U1^-CI1» p- (A 10.7 Ga0.3) 0.5 In 
0.5 P^7yKS4ip-GaAsi2ay??Hl 
\t<n>mtK pnp*jgt^t), j£s<-<TXkti:Z>fz 
««DttjE*l4V\ o$D, n-GaAsliiS^ny 

ioT, «JEHy y^«8©*S:Jfcrl5fc 

[0034] n-Ga Asfttt^oy ^1 9 (i, 

ISttlS-WILfcU— 

t±, GaAsO/<yh*^y7'i^l)! 1 JS ttS 3 «r 
«fi£LTt^5I n0.5 GaO.S PJ)/<y K=Fr?^ 
/P^iO'h$^!i>e)T-*)5. Z.<Dtzti>> ys'->'®«8<0 
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\s—f% t>V? *mi$8 <r)&®<owzM'p-tz> zkkb 
ZkkKZ. 

[00 3 5] «±K3lffl LfcSiSUl) <0rt^f>t*IJ5 

-fcV^ftflffcfflvyWi^ InGaAlP^7yKi 
icfc^TIi, pM*7*KS<DpS!*&&»S£|6]-h-f 
[0 0 3 6)*fc, hf^i' (CD) 

%<o%?-<zt&m<7>ytmki,x%^t3ixzo. sum 

feSVMiO. 6 7//mffi<DU-1f3tS-^1"5A 1 G 
aAs|, *>5VMiI nGaP/I nAlGaP^)* 

4-t-5)fcffl*-C*!t$n5. r.«>iSEte8H4, tf# 
*5«E^©^ffi!^a^)t!K)R £ r i K J; o -C3§£ 

J; ») EV\)fctiJ;^kffiE®®as£Cfc^,fc 5 fc-f 
sifcas&g-e&s, rofcfti^iiigffi^-cu'— fit 

[0 0 3 7] WT^^^^U-lfirtJttSffiS^ftSr 

Oit5a^ltl^lr4C53t^a« (Catastrophic Optic 
al Damage : COD) tt, U-ifWiffiffiiS^^fffe-fS 

mmU<r>'<> K^f-V < KoX^SZklZ. 

— ^3t©KiR^ffiiiJix$ e>U«^z>Sii>!ra-r5 r i: 1 4 ■ 

C5t#<DU— f)tttlA«rCOD)ttti*i:W, i<DC 
OD3fcffl^^, A 1 G a A s ^A 1 G a I n ?%<ntf 
VtXmtfL $ *V* U— !f Oft^tB^^WIS t-cv > 
So 

[0 0 3 8] ±J6«>J:5*»E«««rteCfctt, #E$ 
AV\ (H^li 9 0 (^##12 9 a - S 

a- 7) ic*jt>ri±, u-?ttsiEftaj£ttJ|a)£iMffi 

fcLfceflWHCfco-C. A 1 G a InP£0>*$ftl— 

if<ocoD*ta*«:**c*». mmMti^mkLt. 



(11) 

[ 0 0 3 9 ] G a I n P^A 1 G a I n Pfefi*t^©1# 

xm&mmzm&FFittsk. mw*<tztiitmm<o 

*^<45rt^*af > nTV^„ ±lE£ift-ei4> Ga I 
•o n PXttA IGaIn PjJ>e>*5i5ttS«\ ±15^^® 

[0040] E2 7tt, justfc. nm&*<omfk* 
ik&mRLxmzitft, m<omm$A 1 c a i 

n P^^ft:^— !f©*JggSg^|pHC?&ofc»rESr^1- 
^jfta-CfeS. @IC*5V>T, 1 0 llinSGa As8 

1 0 2|iS«l 0 l±lCEg$ixfcnSAl Ga I 
nPT*7yKl, 1 0 3»4T*5 s> Kl 1 0 2±l::6a 
g£ftfcli&j@l&*«it<9Ga I nP£*#F (Quantu 
20 m-Well : QW) gH4Jg, 1 0 4 ttSttg 1 0 3 iKEB 
StlfcpSAl Ga I nP±*?yKJB, 10 5li±^ 
5s'Kgl0 4il;EtJMplGaAs=^*'h 
lOettnflSSffi, 10 7lip«BB 
•Cfc5„ 1 0 8ttU-¥ffiBiS&l::J&££HfcZ 

l O9i*SttJiiO3 <0 5*>Zn&B:fc: < i: 

0 e&&&*as*s&#tt (7^ *a— >?) $nfc 

i 20 am i'— f%x-ht>. 

[0 0 4 1] 02 914132 7^f^#|jt#^AlGa 

1 n P%*m#\s~ ifwKit*fe«riaW1-5fc»<0BfE 

30 isiat-fe . iaicfcv%-c0 2 7 1 m-n&m-xte 

[0042] nlGa AsS«l 0 l±ld, 

»4MOCVD (W&&JS$tfafieft) jfelC J; *) , n|Al 
G a I nPT*7 5' Kll 0 2, A 1 G a I nPgf-^ 
F8H4J110 3, StitplAlGalnPl^^'/Ki 

1 0 4 fcKfifc&JIfiStft t, $ blC, ±^9 y Kll 0 4 
itplGaAsa^i' hi 1 0 5 &1&&f$.&LX. 

m 2 9 (a) K^i-i p 4 \s-mmm&t:Brfii-i>, z 

« 0 1 1 . ffittS 1 0 3 l±Z<D%ik®iktf S *it 
[0 0 4 3] 02 9(b) t^-t-ipJC, 

hi i o 5±ic, m-&m&xmt®Mt<L&mim 

a 1 1 0 a S i 02 &'<9-*s 110 Sr^fifci" 

5. WPS51 10aO*iwli, »H©»*«:#JtLT2 
OMmSSi-fS. fti:, 112 9(c) Ktp-TJ: 5 S 
i02 K^^-Vl 1 0£^**fcL-C, ftrtttftc. X 

so toTMi 1 0 3 0U— !f»BififfO«|«l4. S^S 
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&*M%i>mikPfib£KtZ®i$. 1 0 9 4fc5<, Z 
14. GaAsiAIGalnP -CttJItf fitlft&&)}S& 
t\ 8ft. A I G a InPif#pffil4il0 3, Rtf 
•t©±TICEH$ftfc A IGa InP?7y KS 1 0 
4, 10 2<^<D**5 N Ga A3*»5><C5Sfil 0 1. & 

0== v** Mi0 5<p < fc91i|K*©tei8;WSt?. 
10044] r©& v S i 02 m'*9->l 1 0$r&£ 
U 1212 9(d) S«l 0 l©gBKn$| 

fiffil06«\ ay^ Mi0 5±|rpffiimffii0 7 

ffi 1 5 0 SrJgfiScl-SXa^SrST. 02 7 

[0045] mcmt^xm+Zo nflgtmio 

6. pffi5«Bl0 7fc. ?epn&6£#LTlttr 
ft©^7x*8MiH-*i:, e*&t/jE?LI±J£ttS 1 0 
3 fctt** ft, IBttB 1 0 3 LTft&35£1- 

s. gits i o 3 rt?B£Lfcjm-tf ettsmns 1 
5opfl5rSttiicfio-c3iR$^. a», mzmm. 

mmommt z n ©it»t «t 9 *© e %im*mm 

#«ft^Sftfc®#l 0 9&*9?*9. -©B«l 
osoMMfffftt, g*Mm?«Btf*ftffft;3ftTvt 

feft. ftKtfwu— nfeflUnntT*«> 

1 0 0 4 6 ] * fc, H 2 8 Ht, i 8S8&*©j»8€B*fc£ 
««L"C«**ftfc. £*©te©&«igtftA 1 Ga I 
n PX¥«#i'— to&mtJMlc&ofcKBti** 
IKB"?**. Htfe^t. 02 7 iw-»*»tw-x 
ttft^SB#-?fe<K 1 1 8I4W— !«8B!»»&©*tt«J* 
Afc* 9 f JSBfifffcJ&fcSftfcZ nWtm&Vh 

1004 7] B3 0ttB2 8fcij^&#KitttAiGa 

isa-cfe t) . stav *-cb 2 8 i m-n*tm-jut 
ft^Uft-ehz. 02 8 K^+iMWfcu-if ro& 

BlStrBffOfcfio-CMil-S. *-T. niGaAs 
SfclOlJifc, «RlttfMOCVDfetC < J:>3 > niAl 
Ga I nPT^7yKil 0 2, AlGalnPif* 
FSttll 0 3, St/pilA 1 Ga I n PJt£ 7 y KB 

ilCpSGaAsn^^ Hl0 5«r»fi*ftfC, 
03 0(a) K*tJ:54i/— P«Btt&tftift1-«. - 

© i t . i o 3 ii*oBM&# s 

10 0 4 8] fell. 03 0(b) (C^tiplw, 03 0 
(a) «fZifii«U|-C*-rffiB-ejBHU-C*fi»«Hil5 0 

fttittftXttBfettft£J:9&lB 
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U 03 0(c) (C^-*-J: Zn&l&tl&l 0 8£Jg 
fi6t5. rwznOttK{cj:oTg<ili0 3(Ou— «f 
$Bfi#©gl««:, g&llfc^fciiasfc&fffcSftfcfii 
«10 9 4fc5. ri-e. *&&&»©& Sli, Bft# 
l"fc®8l0 9©g$ (»®#©ft$) d#4~5jimB 
Si<C5J;p//S$i:1-5, r<0& s 030(d) 
<t P ££l 0 lOSBJCnfflSiiSl 0 6*. 
* hSl0 5±KpffiJ««|10 7*^+5lS^*g 

io [004 9] fcWWWCOV^TWW- 5. nflHeiS 1 0 
6. pfljmffil0 7t, U— f©phS^fc»tT«l* 
|6j©/<-fr^«rff*Di-5fc. «?A(jraLl2fittft l o 
3£&A&ft, &tt®10 3rt-CS^LT7tS:»4r 
5. fSttB l 0 3rt?36£Lfc7fett-*t©#«$8«SB l 
5 0BtrfittBl0 3fcfcoT.*ft*ft. Kit. WB* 
M9SU u-lPJIBfcSS. rr-C, »ttil0 3© 
*«8BBiS«©««ctt:Z nOttttfcJ: 9 *©g&e& 
TOk#Sftfffc * ftfc@& I09ifco-c*>9. I© 

B£io9«>*Bfffftt. g£BiHw&#*ft*fl:£ 

20 ft-cvfcVM'— l o 3 oBBflHR* 9 
£<*o-o>5. :ii|:J:!i, *1E£MWCtH2 

; bft, Kffi*©u— ftt^pTfBTfcS. *fc, 
B-Ctt, 7MftQ*A*&B8«Ba*fcKttfT& 5 £ t 
Iwi9, 5F««l^lltftS*i,fcJ6!««©ft*«r, 02 7U 
^-tt&lsm 9 t>fi< Mti-ftr 4 #ro"e*>5©T, 

5. 

[0 0 5 0] *fc, W±TSft^tfc(OtP]mJC, 
so *^-#FBfc/<!ITj|i:©ll9»L*»6ft«»^#F* 
it© £ o ft. 2 0 0 * ^ h d - A«T©l)?©fliit*> 

itlCffi^ (Zn) ^->!)3> (Si) ©i^^M^Sr 

^#P«HM©Sa*tt!5e/<v 9 7C 

!?<1-5ri:liJ:9, Ifflr-f ^.^-^-gE^l'fcv^T 

^-lP©»ia*BfW05BBWItKiJtLT«ffl/j 

[0 0 5 1] 4fc, ±BOJ:5K. ®ttl*«fi!c-f-5W 
^T'foS I n0.5 Ga0.5 PSli, #iil^ B fi£fttfc 
IniGa a««EK«lS*ifc*^»**r#t 

tT, r©a^Sfe^*±a©J:?lwZnT-r-<^^ 
so [00 5 2] 
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<nv— fft&%tZ> InGaP/I nAlGaPlO* 

^SfrU-HPfcfcVVCtt, p- (A10.7 Ga0.3 ) 0. 
5 InO.S P*77 K!4©*+y7»£ttfci$»£a»8 

(AIO.7 Ga0.3 ) 0.S In0.5 P^75'K|4^0 
K-evmfrfeli, g£«jjt-f*Al, Ga, In. 
StfPOfiiWtf* k k tlr, K-/<V h 
(Zn, Si$) &H£K^LTi£ l §'P(c»yii£-fr.5 

\m&<ommzttLxmAih>) , p- (aio.7g« 

0.3) 0.5 In0.5 P*7 * Kg©p y 78Sli± 
J: 5 8 x i o 17 cm-3&g<ote#±l8-Cfc 

ofc. *^#e>*sttofci-oonK-c»±» in mm® 

#*^ftlc*H-*DMZnifiS©it, »c*fi-5^-ryr 
Sg©ttli. El 3 135*+ J: 3 fc, iH<T*!)5x i ol7 
cb-3t*>»), Sfc, *+yr©&ftfls$i;iiij8i7*-*«fc 
y#^tf^9 0%*Ti^5©^IM?&o;fc (> life, 
r<D^»-C|i, 3l|£©g<P©*J»E&8gli, 5 X 1 0" 
cnfVo. 9 = 5, 5 6 X 1 0 "cn^-rfc y , ±128 X 
1 0 17 cn-3St?l±AoTV^*»ofc'b<Oi:tiill$*lS. 
[0 0 5 3] ±E012(g),(h) £J8^Tfc9JL 

f>>f-*7.y 16a &Bfc* LT±!Ey yi?U[Z 
^F*6fet£ftji41 7 £JM U r *t «fc 9 ±12 y y ?mz* 

SfcWt*.S4i:t>it, ±&*mmmm<r>K&\z.ii 
v>t, ±gjy 7 i>©&ft t ©^fi^-jp-a-^^n-cfc y » 

[0 0 5 4] z<o%%, Mz.\imz%,7 ! 4*tm<oQ. 

7 8// mft<0!tmftU— fX*b* A 1 G a A s /G a A 
a%<Ol'—9K.&'<X* 01 HC^i-0. 6 7//m©I 
nGa P/I nAl Ga Pl<0®Jfe«a|U— ifli, %<T>M 
KZZkkK^lt. ft7V**ffl©¥*# 
l^— iftt, 6 0 0MHz©S5$&fig©T-eteffl 

S*l"0*fctf. r©ft*0ljcDO. 6 7nmiO^- 
■y'fli, -tC5JlHF-Jg#t#S5V>fc»K: 100~200MH 

[0055] z<r>mtt±te,(DS: o m*oisii&&&t# 

Wi-Ztzlto\Zt££h1i.i><OX: 0. 67^mI©InG 
a P/I nA 1 Ga P%U— f (CfcltS p - (A 10. 7 
Ga0.3)0.5 I n0.5 Pty y Kg©p*Y 1)7*8* 

«ri¥*iyg;<-f$r<!:^^#. :w:±!),60. 6 



(13) 

7»mlS]nGaP/lnAlGa P £ U— f ©Sl^Jg 
tB*0. 6 7 ii mflf«>*«fl:u— ffij}*#tt;-CK 

it-r s c fc u—? mmmtrnmi-z 

[0 0 5 6] £1tZOmit. t&m®Z4itZZ.bt£ 

^im^mxmiktz z t <nx-% mmtt u~ y© 

w Wtt, ±fE<Oi5»-p- (A10.7 Ga0.3 ) 0.5 In 

o.5 p*7«sh'S<op**yTmiM<x-zx. m 
5 r t <ox% z*m#i'—f<»m*m&&&-tz z t 

[0057] 

mmm^m^— fms-tztimas^x. 

. #S«±«c, H l mtAMT* 7 y Kg, &ttB, RXf% 
2 *«SJi^ 5 s/ Kg Sr'>& < t t>^tf iNf^fig Sr 
fi8ft1-5±Si, ±E*«ft:^g±©, ^-C«fi£$*v 

b±ie±^7y Kg^lcttftLfcif lw, ®2«S®ro 

k-/<v h k Lxmm* m*&$tsx b7-<y^< 
9-y^rpmmmmmm^rziMk, 

30 V>f-?*9*^X. ±E^2»ma±^5y Kg^x 

-f-siei, y y^©ifffl!i85icKy y vmmib&tt 

xs k , fiftisi^ i y h 5 w ^ - ^ t f£ z 
*mmmt>>e>±&%2mmM<nb^*yr'k lx 

mtethKi-t±&±* 7 y KlfKIWR**, JbtBU 
y i?to<Otg 2 7 y Kl f ic^ 2 *«i!5F«i6^ 

Sr^tfKSSl Sr^fiK 1- 5 IS 4 Sr^tf r k Sr#S: 1 1 

« [0058] SfcrcO«?qii, ±IE*«ftW— ifOKig 

*im©Wf- *5±E^ 2 iJMtSLL* 7 7 KS <P icfeft L 

5 «fc 5 Wtt*> 5> * 5 ?MftittftlM-?*> 5 1 <o k L fc 

^telcfc^T. ±C?Mtt«ttRiHR». ZnO. Cd 
O, Mg0<O\,^-rtlfrfrbt£Z>t><Dk Litt<DXhi>, 
[0 0 5 9] Zltznmii. J:E*«#u— 

so #*iifrb*toT<»±K.fli2mnm±.y 7 y Kgfic^ 
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h t LXWKttS <t 9 ft*M^*Sfr 

[0 0 6 0] ttizomtts ±&*m»u-?0>Wb 

lE^fti'-f^fiig^ifcicfcv^ ±E* 
*6lfeS£»2SKti, Zn, Cd, Mg# K-7*$tifcA 1 
2 03 , S i 02 , S i 3 N4 , S r O, *>5tMiS i 
& K-T^ftfcA 1 2 03 wrtlfaf&ZhOi: Lfc 

10061] zizzomit, ±mm»^-i'<om 

micis^x. ±E*h94?"iK<oy y^fflli. ±m 
2 Wm±9 9 y Kl±fc* b[Z% 2 i»«S?g 1=^ 

±ffi^^*^-ifroSli^&lc*5V^T, ±EW8i&ft 
HR©**, ±I2J> yi^y^Vi/v^iU!;*,©-? 

10 0 6 2] tfcrt03S^it % ±B*»#u-1foJBft- 
*ffi»C*J^T, ±fi!/y5?:cy9-y^v;*y-|±, _hB* 
<$feftfttgR©±lc;* b\c&<omffi-?o y ?l#gi$© 

a^ft^^^t/iSKSr^fSLfctro-cfcu. ±Ey 

•y *x y^i/y*&, ±E*<0±lc:$& 2 *«a« 2 3^ 
* M«r^ftt5lS©fltIlc, ±EiIfcj&ft-<r*yi:ft 

[0 0 6 3] SfcreD3S9lli % ±B*»*i'-lPo«a 

mttm? a v »mv>m>iLh-fiL%\z. x zmz x s 1 © t 

Lfct©-C*>5 0 jfcfcrrojglflli, ±EJMM(:w— 

ffl»ii*fiEfiLfc{g, ±Eyy*s&, jtvtoMftica 

[0 0 6 4] ttcznma, JbB^»#u— 
*Jfe^*5V»T, ±Eftft»aKJ:Sttlfctt. -kB3&i$« 

Lfct><DtNfc5„ tfcZ<0«?qi4, ±B^»*w— ifo 
«»*ifeK*J^-C. -bE&&&lc«fcStefttt, ±E*l 
»«aS«8^nj,^lroJl*54^StJ:5l»i:, ±B 

troths. 

[0065] titznma. ±e*»#u— foKit 

Kl^co^fc&wteft^ ±BS8£^oy^®Ofefi^ 
*«W>a &tf±E£ffi=>y*y MfWfc&fifcgWfcl;: 



iff 

©*+#ftS£f7$e>»C7=-/W£?T9 fc©£ Lfcfcco 

[0066] tizz<?>m\t. ±B*«*w— froKig 
#fcfc*KvC, ±B*3|*S8i»inSGaAsSfi, ± 
EfBl«IIST^?y Klttn- (A 10.7 Ga0.3)0. 
5 In0.5 PT? 9 yKE, -hEfirttJili I n0.5 Ga 
0.5 P&m ±E£2*«3Lky9y KSlip- (A 
10.7 Ga0.3)0.5 I n0.5 PJb*9yKS, -hEf*2 
Mlip-GaAsila^^ h 
6. ±BS2*Sl!aV^^ HSlip-GaAsB2a 

[0 0 6 7] 4fcr©3S^tt, ±E**ftl'— iF«)B!it 
*tfeK*iV*T, ±EffittSl±, 8ft<OGa0.5 I nO.S 
Pft^FJii, (A10.5 Ga0.5 ) 0.5 I n0.5 P 

T»fc *r*1-s«**#F*aJ: 5 ft*t>© 
£ Utfc<0-C$>5. £fcr<03S?f1l*, ±B**fcw~y s 
Ofi)g*iSfeli*JV>T, ±E&ffifl±> I n0.5 Ga0.5 
P !) ftSfc©* Lfct><D-e&S. 

[0 0 6 8] ffcro&WttU yy«HWi*ffli|y»«: 

mm±* 9 y Kl*'>ft< t <>*tr^#ttM**' 
StSlSi, ±E*»fc*SfiS±<D, tt'(*$lft£*iS 
y y « f: ft 5 * h 9 <f 7tt<Dg|#<D o him s 
Sr^t^tffiRK, -eix^e,±B±^7y K»«pK*t 
ft t fc fc # icff 2 »«S<0 K-/-5 V h t LTWfit Sff 
^Sr-gtf^ hy-T7'^(D/^-ySrto^2<om#)t£ 
ftRKSr^tSlSi, ±B¥«ft«FAfftr, ±E^ 
2<o^*|#)lfcftWSr^<o-gl5lc^±E^ 

■C, ±E^ 2 iSftiU* 5 y K€*s^ h 9 7"i^<D !) y 
*8B£t+5fl^fc:y y^y^Vy'i-SXSt^ yy 

«t 9 ±B y y ^ h 9 -C 9 *0«tt it^fi£®« 

ic^s*vfc^ 2 ©^tt»ttftii!e*»e)±EJS 2 ««b 

O K-tfVy-t LT^tiJl^Sr. ±EJiy 9 y Kl 
4rfeT±BiHF-#F«ig©jSttS»caN-5*-Clt»* 
-tt, »lSttl't''ettf[*iifc*«tJ8v»T±E«ttlo 

[0 0 6 9] 4fcr<D^t±» ±E*«#l'— y<0«Jt 

««Jtt»jHffi5(Ott^tft5IR«:^tfc<Ot), 
-?«>eiWfc«S1-***fc*ofc* h9-<7 p ^ic/'? 
^-^i/y'-rsxei:. ^-W±tcy r^yf^^ 
«r r <0 y y ^»jdMH«(c-t o fc^ h 9 •< 7*tt(C/>' 



SIHV7-162086 



27 

tz^zttLx, ±e v~ f to&mmf&mmzzo 

£^£tSIg£a>(bfc.5fc©i:Lfct©-efcS. 
[0070] iltz<o%wi*. ±mm#i'-?o®rk 

?tt>%m, *NI$gLfc'>x^Jb©£glcS2©* 

— f<ommzm+zm.m\c*oitx b^^ym^ 
y--=y/tsig£, *©©*>y vVx-yf-vtr-?* 
?wm>t>t£Z-7xti£.m\cBi$.+t>xmk> jle 
mmmmc* ofc* v ? w t*#©s 2 ©^is&ja; 

yV^y^ftaftfta^fts^ffito-y*?-^ if© 
y y^fiScffi&lc^ofc* h^T'tfclc^-^Vy'-f 

[00 7 1J Sfccro&ijjii, y y^s^^^ff: 

mnmyt 5 y Kg, g?#F«£©sm av%2 
y y ^©bcsis tt£*xh7-<( -T-vtomn 0 *>mm 

Sr^-f^ttgic. **ui»£>±Ey7y Kl«f>lcffc& 

Lfci t ics 2 $«s© h t Lxmmtzm 
*%ts%2<r)^mmmmz, ±&*m#%&M±. 

©, ^-CJIMSftSy «;V®<r>T$%kt£Z>%Y 1 7y(7'$i 
(ommc, *ftri^±Ey7>Kl¥lcfcftUi:i:#lc 
S2 $«!!© K-/<V h £ U-C«^1-5^Sr^tfS 1 

±e* k 7 ■< 7®.<n y y >mimftt\mmz> ig 

±12*^^1*, ±E*i!*&ttftW*£tf.L 
IE* h7^7^«&lc*oTBfi£$ftfcy vV=-vfv 
7V*y£ffli>T, ±ffifS2^mS±^7y K!#* h 

7V7-#©y yi?a5«r^f $jg#icy ys*c y ^yy*-f 

31&fc, y y^SBcDi^ffi!lgS{c^y y»^65Srffi*iitf«t 
9 ICS 1 ^SSfWSffiT'n y^l«rffi*!>ii^fi1-5I 
St, 3SiMSlc«t»7_h|5y yi?* f-7-f7m©5*>© 

ismmmmm^. $ *ifcs 2 ©*&®&f8caa8ia» ?> 

±ES2W®S©K-£>y*iLT&ffi-f5liii?«\ ± 
E-k* 9 y Kl«r«T±E»^#F«IJIt«)fiHfilKat 

±ESH41©6iF-#FflSig©7 ? * y &4 l © 
T«*HMr««W-3 title, ±ESl©**E0>tfc»aiSi 

&±E±y?y Kg^ietfcttS-fr. ±E!>y5*»©»2 
*®S±y 7 y KSf »cS2»«S^tt»S-ttfil!»« 
**jBj«-*-aiat*£trt©i L/:*,©?*)*,, 
[0 0 7 2J *fcc©SS9Jli, ±E*#*u— foRJft 
*fcc*»i»-C. ±ESi. &CJW2©7te*i£IIMM(* 
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S*&<±Ey yi>* hT-rygii&hwfilrglc, ftftfi 

^K^T-fgJgLhw^ftlc, ?MMfcftMt*0fK0V 
£lcjgfiM-*t©t Lfcfcrot?$>5 0 
[0 0 7 3] SfcCfl5*Wtt, iE^fl^—ttoKit 
#ifefc*»v>T, ±EtOS*/uHgl*:/7X-<?CVD8:lc 
J;!5^fiBU ±E^«#ita:»:»[li^/''y^«felcj;»)^ 
f£U ±ESt$?fiJtfi^*y-tt, RlCVDiSfelc.tfjjgfifet 
5t©t Lfct©-?ii>S„ £1tZ<r)%W\t. _LE¥$ft 
w-1f©S!3i:fr8He*j(,>T, ±ESl. £t/S2©**& 

S 1 o^^lORMIfrBrC«>*S^rt»A1-S tot 
bfct©T?*>S, 

[0 0 7 4] titzom\t, ±M*m#u-+nMm 
m\zi3^x. ±ESl. Xt«|i2©^ie*lt»8SRSr 

ics 2 ©^tt«jitsasi8i©*mt & &K**rt tfc© 

5-<^IC/^-=>^-t-5iSt, -t©©t>Sl©^ 

^*ffi*lc*ofc^ h?'C7'«lc/^-=v^jS-t- 
* IS k . J:C !> y i>* h 9 -f 7K©» 1 ©?M«IHR 

«K* o fc ±E^ h 5 * 7"tt©S 2 ©^^«jffiftiSK© 

t©^<fc5,, 

[0 0 7 5] *fc^©?8egii. JfWMci^foKft 

*&icfe^-c, jiesi, xo t S2©^^atecaniS: 

ICS 2 ©3Ftt«i)tt»«[«©*t»i: 45«Sr}gj« tfc© 

9^7*^ic/<^-=v^t5iei. -t©©*>si©^ 

S2©5FM«jttftfflCR, Rtf£*t**©±A»?>«5±E 
S 1 ©^Mfe&icjlK t /j: 5 ±E©-7 ^ 4 

^-=V!/-r«lSiA»e>4*t©Tt?«>St©i:L/ct 

©?*>$. 

[0076] 

;©%^lC7i»/)»<5 y yiflMMMHMr**« J 

14, ^**»fi±|c, S l*SST^ 7 yKS, f&tt 
1. S.OtS 2 ^«M.b^ 7 y Kltr*£< t t^tf** 
*IS*««rJ«ft-*-5iat, ±E**fttt**J:©, ft 

$ n 5 y y s?fv©mas t * * * h ? w ^©n* 
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y Kl#x Y 7<<v*ik<r> V y V v *J 

->tft5WM«W«il>6JJl| 2 K— f 

><ft tT88ffit5JS?-Sr±I5±^ 7 y KJI9Cttlt£ 
±E 5 y VU*>% 2 »mSi:^ 5 y Kit isff 2 $ 

iLfc^-e. «*«fcH:U IBSS/f^ife-C, pSTttft 
»&©&V*I nGa As P±^5s/ KSSr#5riiJS-e 

0>#ttfc*£<&#T , tSO. 67jim^InGaP 
/ 1 n A I G a P3RJW*W— ^*r»« - S. 
[0 0 7 7] *tLZ<omi±. ±&*m#\s-f<DW& 

mmm+m 2 mw>±t ? y tfc t 
# , m.=f- tm 2 *«se v-a > h t Lxmm-t s t 

5 ft#*to»e> ft 5 TOflHtftMR-vfc 5 1 <o t tfcro 
•c, 2 mnm±? 7 y K!«P 

[0 0 7 8] t1z.z<r)m\t, -hE^ftw-ifoKii 
*tfefc*rt»T, ±E**6&&&ifKf*. KK*o?Mft 
tf*hfrbiOT<»}zfc% 2 i»*S±* 5 y K0«Pfc* 

fcitOtLfcor, ^tp©^WS-5:OTW|g2» 

[0079] fttznmtt. ±IB¥**i^— !f<0SS[jt 

yy&mmi z t c «t u , $isiT<DEH£»i-s* 

[0 0 8 01 itczvmit. ±E¥*fci-~ iftOfiiii 
^ifclCfc^T, JiIB^. h^-r^WiJ yv^gBfi, *2$ 

I££tf tot LfcO-C. ^«fettgi»2**S*l3 
V** h®*gT|g2i*«ILb?7> KlCttftL j£ 
WMteHtoM"*. tfc:^!!^ ±E*»#u-f 
OlBS*teK*tv»r. JbETOWttflMIKO**, !/ y 

[0 0 8 1] St:«56«li, ±E**ftu-1fwKj£ 

umz&^x, yy-^yf-yy-rxti^ *m 



(16) 

m%mmm£tz> x ? \z Ltzox, ±.®.*my>&m 

[0 0 8 2] iitZOmit. ±B*«#U— 

fc<0-C, CJttf5 0 0° C, ft3 0#<om8fEyPi/*/i 
■0 (Dffl»ii*figg|c«t ►) , ±m 2 *1S±^ 7 y K1«P 

[0 0 8 3] *fcr<D«^i±, ±ct9#w-r f^Kit 

^tlJlJ:*)fi 1 9'bi0i:LfcOT, ±E5 0 0° C, &3 
» 0^(OSiil7*D S /^l(OS«>ii^.fieg|C3!in^T, 011^ 
tf5 0 0° C, ftmHSOff^aV** M<D^fi£g 

ICk 9 , ±|E» 2 3r®s±^ 9 y vm+oMwuonm 

[0 0 8 4] ttzZ<0%Wtt. ±B#«#U— fWKjg 
Ho»*rtfti»o«ii:fcJ:9f7toix, $f>(^^Sfife 

&&<DT~-MZ£*)?ri h<DbltlOX, ±E5 0 0 
• C. »3 0^©li£^ns'^S(Dffl»ji^S, 5 0 
so 0' C, ftllHBO«2 3^^ hlotlAdtftKAi^ 
■C, «SJt«S0 0° C, $3 0#©T=-7HC,fc«), ± 

2 ««®±^ 7 y wy&mmmmw&z 

[0 0 8 5] titzomn. ±E^»U-if«DSait 

umzti^x, ±&*m&mmfr<b<D±y-7vm 
^<o*m<»&m\ nm7'vy?i§<r>%&f&M : e$o) 

ft, RV±B3^^HO*JM«©|(iKJ:»J4fo< 

=^<o-u<»i8(mti>bm&u -eostftw^+^ftftfc* 
ytm<om&*m, %2*y*t \>m<omfk&m 

5. 

[0 0 8 6] tfcro^ii. ±e*J»*u— ^*©KiS 

timzti^X, *3|<*:Sfil±n®Ga Asl«, ^1^ 
SST^7 7 KSfin- (A 1 0. 7 G aO. 3)0. 5 I nO. 
5 PT^yKE, gttlHln0.5 Ga0.5 P.Stt 
1. %2*mMk97y Kll±p- (A 10.7 Ga0.3) 

o.5 ino.5 Pi#7?Ki, %2'mm,\^y*?- 

so Mlip-GaAsSSl^** hff. %2%m.*y 
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tfcOt?, M>2>«j§£>*Si£g I nGaAl ?*\Wt\s 

a. 

[008 7J £fc;i©$g9!li, %m&. 8&<OGaO. 
5 I n0.5 Pt^FIt, (AIO.5 Ga0.5 ) 0.5 

1 n0.5 Pft*'<y 71 5 #fi**#P«i&.fc 

Mil n0.5 GaO.S PS&fi&*.fc 0 Lfc 

[0088] tinz<om\t, y ?*mv>&*-M*m# 

mm±9 7 v Ym*>m< k.htttmm&m&tfi 
y v v%<m% 1 1£ 5 * h 9 w ^o^«<d ? hmmm 

SrJgfiE-T^tttSir, Ztlt>>b±.?Z±.9 7v K1<PK& 

Y7^f^<D^9~^ii,r>%2(n^mm 
mm&M&irZTMk. ±S2¥$f«S a l!&. ±i2|& 

2 <0*&&fe»iIBS«r*- ©-$££^±12* h 

T, ±E^2^S®±^7S'Kl*5^h7'( , 7'^<oy y 

5>tJ©PWMBfcl* y y *«RfcS>t>i&tr i 5 WR 1 
©«*:/ny*l*»M&*dMH-*Iififc, mane. 

«t o ±e y y h 7 4 7-msr> o *>mmmf&m 
\m&$iiit%, 2 <»*mmmm*b±&% 2 mm 
<o b'-eyft Lx®mtm*&. ±I2±* 7 7 K* 

«r&-C±12ft?#F«it<o?JttS icig-t Z £ $ 
k&X-ZZ. 

[0 0 8 9] ttizomit. f<0&& 

^SfcKfcVvC, ^f B «gUfc^3t/>±<0±BlC^2O^ 

fc±f2* K7W7'^w^2<05Ftt«ia:»JUKwj|ffl«SS: 

xyf>m*L, #4aj&Jft<02o<D*«W»$Silg 
«r^fiK1-5I@iA'e)±fEm2WF«^tt*iEK4/'«iJ' 



32 

&m£s<9-->mi&X'Z z e 

[0 0 9 0] £itz<o%mt. ±ffi¥$ftu-if<Daaig 

#fcK*»HT. £all$gLfc?:r^±©£a5K82<Z>* 

fcx h 7 -f 7*#©M 2 ©^M^ii 
ftffifll, Rtf;iix$:-t©±A>P>«?±f2y 

*ista>e>v ±K8i2©*«fc&»ag&£^*-=.y 

[009 1] Zkzvmtt. y -y^S^ii^S*** 

il-faiS^ ±S2*iS<fc&fI,J§±©, 
» y 7^6?wWSSi/i:5xh5-i'7 , *tro^©5*,«*ji 

. tfc 1 1 2 »es<o kw<> h t Lxm&i-sm 
m 2mmm<o F-*y h t Lxmmt 1 

9-?X7*m*X> ±!2^2*SS!±^7 7Kl^h 
7^7*^wy 7^6i5^1-5^lry y^y^i'^l- 
5iet> }) 7i?U<0\SiimU\C®l) yVm&Mlb&tsii 
0 \z% 1 «SS<0^7*a y9f§$:mit>&fyf8.&i-Z>X 

Uk. &&m\zZQ±uyyi?xh7<<7'm%,<Dih<o 

mmmmm^mtfs 2 

±!2®2*mS!wK-tr>^i: tTSIffi-rsiS^-Sr, ± 
S2±^5 7 KSSrfeT±l2fi^#F»3§©gttSlc»t 

**-ei»4* 4 mm^vtm^ummca^x 

« ±l2SttlOt^#F«iii(0r-<x*-^Sr4C-ltL«) 
T^Wit^^-rsittic, ±CJHl«>?IMUMHi 
K^>f>±I2S2#«S<0 K-tV^i tr«IB+5JK?- 
«r±i2±^7 7KSft&ft$-»!:, ±12 9 v i>®<»% 2 
««S±^ 7 y K«tlciB2*«l7M«^trK«K 

tttlC, «SttS//<»UAIb^«>^|ie/40. 6 7^ 
rn^WI nGa P/I nAlGa PS^at^U— !f 
so ■5it*»-C#5„ 
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(0 0 9 21 $1tzt>mits ±B**f*l'— fnfUt 

(0 0 9 31 titznmtt. ±B*»#u— yolBS 

J: U m U ±E*MftWRM»ix/< y ^tfefc J: 9 » 
J*U -hESJRjSS^**!!, $C VDfef::<fc») 

<oma, ±mm#i'—rmmmicm*x, ±e 
ommmmzmt. ±Eyy**h? 

±EJgi, 2 w^Fte#i 
(0 0 9 41 *fcr©»HH\ JhEfttfl"'-' 

ttMc*v*V, ££jfcBbfc?x^±w£ffiKSg2©* 

£ & fc$ * It u-tto y y 

12 9 y 9* h 7-C 7#<9Sf 1 07l«fettftlMtt*M* 

(0 0 9 51 S-fcCKDSSWli, ±EJW»*w— TottS 
#tefc*$v*-C, fe^gLfc^x^±ro^ffilc^2©^ 

Si"5««ir-t o fc* > 5 -f 5T)fcfc/< 
ttftiHfc XWrii«rtw±a»bB5±E«l©^J«b 

6iata»»fe. ±esbi. w%2o>*mmmm* 

(0 0 9 6] 

ixmi **« i . cant. *m<oii^»«c 

«t5**(*:u-if<D£iji*&lcJ;t9(Kjg*afcO. 6 7 
(iml«3l nGaP/l n A I G a P tfro 

asm, &cH:©isi4«<oftj£. hi 

K*n;r. l (in -G a A s **#g« (TMMSCtt 
1 ~ 3 X 1 0 18co-3, S3M19 5 n m) ffo3„ Kn- 
G a A s iNlftgtg 1 jhlCli. n- (A I 0.7 Ga0.3 



(18) 

34 

) 0.5 I n0.5 P*7y Kl2 (7ttMR£lilXl 
0"ca-3, Rj£|±l. 5 Mm) tfffiBSixS. Kn- 
(A10.7 Ga0.3 ) 0.5 I n0.5 P*7y K12±|C 
11, 7yK-y(OIn0.5 Ga0.5 P&&E3 (KJSli 
0. 0 7)im) #E®£;h-<5. $1 n0.5 GaO.5 PS 
3 ±.lC»i, p- (A10.7 Ga0.3 ) 0.5 I n0.5 
P±*5yKS4 (*fMs»gtt£-C8WJ$*tS. to 
**8fcliZ nXUS i . KJ?»10. 2 5 u m) tfEEi* 
®tp - (A I 0.7 Ga0.3 ) 0.5 I n0.5 P±y 

w 7 v KJB 4 © y y ( y y *j£»©(li* s . 5 * m. 

y yv*-bSB©f@(13. Otfm) 4 a ±©$#1:111. p- 
GaA8lla^ni5 (**6&fif£ll2Xl 0l9 
cn-3, KJSltO. 4 Mm) iSEESHS. $p- (A 1 
0.7Ga0.3)0.5 In0.5 K®4©»!®8iS 

4 611:11, n-GaAsWD^|9 (*$6#li8 
S»±6X10l8 clB -3, KJ?lil,xm) tfEfiSflS. ± 
Ep-GaAsfl=y^ HS5.L, &tf.LEn-G 
a As®Sft7*By*l9JL(;:ii, p-GaAs|2ay 

r-S 1 1 (*MIMMEN:2 X 1 01W3, mm 
jo 2. 5 M m) tfEfiSftS. i!Ep-GaAsi 
2=^^ Ml l±Ktt, Ti/Pt/AuiOW 
pfflMl 2)J5Eft3iX, p-GaAs*iM£lffl 
£11, AuGe/Ni/Ti/Ault)i!f5nffligl 

1 OOfim-Cfci, 

(009 71 ll©0. 67pmf©InGaP 

/ I n A 1 G a PX^m^-f *m<0 
% X <r>tk%Wz. H 5 u— foKit^ft S-^-fH 2 
fc*iV>T, 6liGaAsIl3^^ H5i©iffl: 
30 *jft£ftfc7ttftttftMt, 6all±E^*««jJ£»j!lli 

T*><5. Sfc, 811, ±Ep- (A 10.7 Ga0.3) 0. 

5 In0.5 P^7yK«4©-8J, XO!JbEp-GaA 

K5*$nT^*Hfc y y SVi, 9 »1, R y y 

AsWa^i, 1 011, ±E^I6«5jl£ttiSK6 a 
a»b-tW^^Tl<Op-GaAs^l=iy^^ Kg 
«o 5, SU^p- (A10.7 Ga0.3) 0.5 I n0.5 P^7 
y Kl4ICtt»-t-5ii:^J;!3Rill5, 4<t>^fife$ 

( 0 0 9 8 1 H 2 Sr^fig 1 (OHJ£fiSJO^ 

iS{^w^-if(o|i^ji^fe|co^^rl^i^■t-^.. n-G 

a As l±fc, n- (A 10. 7 Ga0.3 ) 0. 

5 I n0.5 P*y y K12, InO.5 Ga0.5 Pffitti 

3, p- (A 10.7 Ga0.3 ) 0.5 I n0.5 Pyyy K 
14, p-Ga AslSl H5CD#l«r, MO 

CVD (Metal Organic Chemical Vapor Deposition ) 
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[0 0 9 9) JfcfcCO^ac/^hfc, 02(b) IZmtZ? 

AsSlaV?? H5, Rtfp- (A 10.7 Ga0.3 
) 0.5 In0.5 P*7y KS4«f lCt£ScLT#lrtT 

P Si<o My htftaj^ftfiti LTKit?>^<5. r 

©«fc?ft®<O0iJtLm ZnO, CdO. MgO$^ 
fc9> itlZtlZn, Cd, Mg#, p-GaAsgl 
s>f^hMS, p- (A10.7 Ga0.3 ) 0.51 n0.5 
P 1 y v Kl 4 *lc^tt<Ki £ LTTO UT p S© K— 
'^hiftS. :«ZnO, CdO, MgO^feftS 

[010 01 ft(C^O?IMMe|«K6«r. 

h tLfcy^-^v^lcfc 9 , 02(c) \zm- 

<t5*^h7-f^©K6alC/^-^V^1-5 0 *h 
7^©$li5~l 5 ^mtfjlSiS -?*>*>,, !) y* 

& 6 a &*©£ 3= 9 y y * £ LT(£ffi1- 

*. +ftfc*>, 02(d) ic^tJ;?^, r«>7WkffiK 
JgR6 a t LTi-y^y^SrS^SS^Kff 

V\ y yi?8S:»*1-5. r.©iyf-y^-Ctt, p-G 
aAslia^? H5i, p- (AIO.7 Ga0.3 
) 0.5 In0.5 P?5y Kl4©&<P (IJfttO. 3 
urnSt) S^yT^y^froTy y*8£J&£-f 

[0101] fcicis 2 (e) fcijH-J: 5 fcffKAftJtfcfr 
V\ y yv^7>8Wft©®grfcn-GaAs«iiE7*0y 
*1 9 (7MMSAli6 X 1 0 18CO-3, ggft i „ m ) 

cot*. vv*u&svtt*mmm 

m6 a iigMSftOWIv^^ fctft5fc», d 

•?x/sii5 o ot:£Ut<Digj£-eft3 o^ragayro&Sft 

#M*. p-GaAsil3>?i-|>i5^ Sbfcttp 
- (A 10.7 Ga0.3 ) 0.5 I n0.5 P??y KM 4-^' 
IMHRU P I!*iKfe&t&&«lO/)S^fig$*iS. 

[0 10 2) fcfc02(f) fcjjrt-J;5lc, !>iyhfc5 
Wi WYiyfv^tJ: 9?Mfttt1RMR6 a 
Lfclfc, $?,l:p-GaAsf23^^ Ml 1 
AftJtU n-GaAs¥*ttg«l«!ll::AuGe/N 

i/T i/Au<fc9ft3n«!!«ffil 3£, p-GaAs 
*2a»nii lfflJKT i/P t/AuJ;9ft$p 
<!«ffil2£ x ftttAlift£j:5lMt, JfcSWiEB (« 

*r-A) St. *awi*/<y*fcJ:o-cdU*l-$:: 
fcfc*9. lil^tij/i^w-f^ti. 
[0 10 3) C©J:5«*fSW«)Jltl©JW[«itJ:5* 

/H$gB|©K-£ yy-Cli. p- (A10.7 Ga0.3) 
0.51 n0.5 P^7yK84tLTIi, SEK-fV^tC 
J:H«p*t yr»**«8'x 1 0l7 CB -3i:S^5co*5 



(19) 

±fig-efc-3fc©K*fU lifc7'n.y*§9©x,t***v' 
■r/WSS'PKfc^-C. ±lE^«^te»j!gm6a±>5-5-(0 
Tg©SSl=>>*y H5, pi! (A10.7 Ga0.3 ) 
0.5 In 0.5 P??7 K84^©p£!**fi&©ii;ftj}5jg 

:5. ttftffi«io*^*Sn5ritJ:»), pS (A 

10.7 Ga0.3) 0.5 I n0.5 P?7 7 KS4t(0*t 
y T8S*5 1-2X10 18 co -3y Jt 1 1£ Z, £ -CO K— f 

y Kl 4 ©->- hm#*Z < JvSlBfti ft 9 . 

ft 5. 

[0 10 4] r«>j:9l£«ldtMi«)iN|;fl:u— sToK 

iEtftSipft^-efll^L, £*ttJBt«-cy y 
fcj:9, ttTHMittlHai^&p-av^^ Hip- 

tLX9h<Zk\ZXoX, p-9°7?VM<o**9T& 
. «*£»WWSto£tf3rfci:fc9> rtiKJ: 9^- 

CftfcJ^O. 6 7jum*I nP3Rfl#l'- f©il5S 
[0105] i©&, 0 1 2 (3i*Lfc±Ett&fl«>K& 

-£S 102 SfcliS i NSr^-^^ttry 
vVx-vi-yifZftvizoh, $y yiJiyfy^^ 

»o y *«# LT*»e.^iK#)ttScj!SlgSrK y y 5>©±fc»* 

P®5F*8«iroS£»Srff5J:5»wLTV>5«OT?. «0|tt 
K*|ffltf)J»3}>9. IM|-C*»9, *>offi»a<0-r^^^ij 

[0106] Hffljffi2 . ±sa*jstfij i m ±fe^Mfe 

llip-GaAsllay^HS, S(/p- (A 1 0. 
7Ga0.3)0.5 I n0.5 P^?y KS4«Pl-t£»tT 
#lrt-epaoK-/<y Ffcft5J:'?ftKSrfflv>fc. * 
*9ieff2«>XltffM:, :roWKft!ll6Ht, 

t f P Sw K-/<y h t ft 5 <t 5 4^*Mfc«r*tr 
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Tli. Zn, Cd, Mg^K-^$ixfcA 12 03 , S 
i 02 , S i 3 N4 . SrOl tfcliS i # 
HfcA12 03 gsfcfflV^dtas-Ct. iiXlii&CVD 

[0 1 0 7 J SffiMl- ±E*JS«2-ett. -fcffi**&«3 
tt»JSK6 t LT, «©!§•?. ttK<f>©*MUtf ttK 
T©lfcJfc» Lfc k % p $!© h i: fc5 

*34*Rfc*atfI*. »*», Zn, Cd, MgtfK- 
7**;ftfcA 1 2 03 , Si 02, Si3N4, SrO 
S i AS K-ySHfcA 1 2 03 %m^xmftiLL1t 

tf^*«rMIM-5ifcKJ:oX. KRT©JBHlSftt 

[0108] bp*>, ±wat«2-ei±. ?Mfettiuai 

tt. 5X10 19cm-3y ±0**6051^ £ftgc 

10 1 0 9] *3WS«3K»^rt*, 

■*to-eiiftv«it>K, i&1fr*3fc©©*l*»*fc&jJ» 
CaK-tV/l/Cft^T, Ctl*02lctilt5±ie^ 
*B4&&8i:asig6 a £ LfcioicfeV'T, $ bizzn&n 

JUCfcoT, p-GsAsil3^^H5, p- 
(A 10.7 Ga0.3 ) 0.5 I n0.5 P^?y Kg4«f»~ 
©tfclRKJ; 9 JistflRWI* l 0«5»S«r(H»+* 
J: fci&tf, r«>^$ft7IW 

ttfttRRtZ n K-7£*lfcA 12 03 trfflV'SC&K 
<fc9, p- (A 10.7 Ga0.3 ) O.S InO.S P^7y 
KJB4^a:»-rS^tt»©*«SrSiJ«l1-5w 
t>o-e. :oiw, ttA<t>izttMrf«7M4ff«>fl;a % a 

12 03 ttK-^$JvTV^Znj8«»Ctfc«+5ri 
£/<£9. fcfcxtt, 2H/<— fevhozn K-7A1 
2 03 "C1~3X 1 0l8cffl-3fcft$. ^ "T\ ^M^ffi 

no. 

loiio] z<dz ou^-mm 3 (D*itfci'-tf0js! 



(20) 

oTStaici 9»A$nsm«>«a«ri!iiPi-fi -k 5 k 

Lfc©-e. IKICTS7Mft©M&XttftKMitf«:: 

[0111] SEW 4 . ±EHiS««| l ~3 
fc**fifeiii1&$[&6 a ©0>Jtf> 5 *>, **E«3«r Lfc 
S 102 , S 13 N4 £fflv>5£§»i, ZtibMm? 
n**®9«:Sj£gu:.fc9flMtSBS. 

io 1 02 , S 1 3 N4 J: 9 &S?M«H!flHM!t6 a ±KB 

tam&mLx^xfi t Lxmmzmx&tt< , 

ZrO. ZnOKoVvtli, ClJV&ttSiKfi&gffl©^* 
*fcl/Ctt««BL<CV\ lot, *&»0lj4m "ft 

9, »^*UB©^**fcLT©««MttfcRl*"et 

[0 112] BP*>> *5SK©^««S4fcJ:<5**«cu- 
20 UtoiaatfrCH:,, ±EE2(b) ©lg|cjoV>T^ffit) 
6 *}gs£t 5 K. ^IHUEKMI 6 ±K $ b C 
S 13 N4 i 02 ©R*CVD&-«*jft?Sr &IC 

IC, ^*6fefitetSR6 a±t$t>CS i3 N4 -^S iO 
2 !5>?><C5iefafiKftv^>> l 4*S)gfig$itTV^J:5l' 
Lfcfc©Xfc9, ^<tt^J:»), -e©&©«i!tyny^g 
9©SJ6ii^Bgft«rff5i:t(C x y y ^8±tcii«iag 

30 g^lC. £ffi(Cp-$2Ga Asai'W hgl 1 
«t5 k 1 1±. ±e7Mtt«H|[K6 a i fc tlC»S8^ 

[0 113] r© < tplC*Htg0i|4|Cj;5^«:t'-f ! 
©Kig^fe-eii, ^ffifet£»JIR6 a±(C$P>|CS 13 

N4 ■S's io2 frbt£m&m-r*>\A*imrz> 
*5ictfc©-c, y y^8±^©ies^jjs«tiii^ 

mx^m^—finzzki^mmh^ 
[oii4] xtoms . ±&nmmix\t, n-Ga a 
40 s mm^v y 9 ©isgffcgf ± ►) , ^^t£ 

ftSR6a^&, ^1 pS=V^;> h«5ipi! (Al 
0.7 Ca0.3) 0.5 I n0.5 P±t?y KJi4©^t* 

mt. z<o*jmimmm6 a *^©ps^^©±^ 

9yKl4«t"N©tt*t. ±En-Ga AslgE^ny 
?l9©igaifiSftt>©!R»rJ!)D*T. ^n-GaAstjl 
^nj/^l9©^gS|©±EpS!»2 = >^^ hSl 1 
<D%&fc&ft<omz*')fto±?KLtzh<DX-hZ,. IP 
t>. »pfil23V?*HllOtt*«ftli. 5 00 
so 0 C-C. IS) 1 HSfflrofflff bJx^*5, ±|En-GaAsm 
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^0 5/^19(05 0 0° C. fa* 0%O$)>\Zttox.X. 

[0 1151 zo>£?\z[,lz*nMM5Vii, ±EHig 

*f©«W>*-ett, .7MtttEftiRK6 a d>&OpS?M 
m<r>k.9 *7 y Kl 4 ^Ott»^^+^^S^lC*5V-C 
iO«l*<pS (A10.7Ga0.3 ) 0.5 I n0.5 

pi^v ki 4 wz.m<»m<om&m 1 o 

zkifixzzmifihz. 

[0 11611MI&. ±GXlfcfll. 5m n-G 
i:. pS (A10.7 Ga0.3 ) 0.5 I n0.5 P*7jy K 
9 (Dfigg, p 2 => V * * hi 1 1 ©jfcfiBtCO&lCAD 

--fls&^Atix, mm. (7 *tf 5-i»-«J; 

*slittS»aii*.T, $e>K6 0 0" C. &3 0£ffl© 
r=-/w&to*5£ 5 /its. r.<0 

r=-/K^*fticov>rtt, gici^snffiflli 2(c*j 

ioii7] *fc^<D^, ±&*m&mm6 a*>b 

<Op®^ife(OTl--<OJtgl:li, n-GaAsm«ft^n 
y^«9O^g^r<0a fc5V>IJpS^2=>'^^ hJB 

1 i<ofe*i«fti*©ifi»cj:oTt>tT*j4xrv^*»e), ± 

2 it* 9. MS<oaiS, »SroJ4gt1i«lOSr#5J: 
ions] zoXo&Lttg&meizts^xtt., ± 
9©&iii£ft<£ro$, fcsvMi$P)UpM^23y^^ 

m i <o%£ B f&m<n% t <n*X'i*. ^MMMRmte 

fe»£-fc*5V>Tfc. J:9«MltCpI! (A 10.7 Ga0.3 
) 0.5 In0.5 P±*9y Kl4«(M3JrB©«*©K 
8*1 1 0 **$ r t zJ5-ef fcs. 

long] sew 7 . ±.t£%mm 1 m mm a 

11. \ n0.5 Ga0.5 PStelT-fcofcrtS, 

BPh, *«t«7tt, iSttlstt, 03 i 
fwjp-f J: 5 &£SS ; F-#F«*ji<l: 9 <f S fefOf. 0 3 l 
ICfct^ 3 1a, 3 1bli, nra<OGa0.5 I 
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n0.5 PX'Otii&^PS, 32a, 32b, 32c 
li, $2o<Dft*#Fl3 1 a, 3 1 b fc&tf * 
ttfcftfc, 32a, 32clt8nm, 32bli 

Wh- 5 n m<0 (A 1 x G a 1-x ) 0. 5 I n0.5 P (x = 
0. 5) 7!-C*>5„ 2, 4liJhi£LT 

1^5, -tix^HnS, p§!<0 (A 10.7 Ga0.3 ) 0.5 
I n0.5 PJ:9*5±. T^9y K«-C*>5. ZVHo 
fc. «ttJP3*» 2o<9ft*#Fl3 1 a, 3 1b£2 
0©iK-/< J) 71 3 2 b , 3 2c -T?#A/-C«J8 

i - 6 1 mmotommbhz i><ox-*>z. 
[0120] tit. r<ogtti3»±, m*2mmo>tt 
m>b%sMZ*mcmMLxmi&Lx%z£M**# 

F«jg<0ftfc9lC, Ga0.5 In0.5 P^fe/iS 6ft 

fcigSrffllr** <fc 5 LT fc 
[0 12 1] IMi. ±E&S60!ll~7li, 0. 6 7 

fc£*lfcfc£>-Cfo5rt\ #389!<D&8<*>3lffi0ijli, 
ftttftMte a fc i5@ffit£ft<0*&Sr, ±i£Lfc,fc 5 
20 fc, A 1 G a I n P Kfc*5 

[0 1 2 2] UlT, 2<o.t5lc*tt1M8tTOfcJ:5S 

0 4 8 oKifctf&Ki 9 f^8?$itfcSg«ii«: 

*i"5^«frl'-D ! Sr^tt><0t , i5 9, 05tt^i£«9| 

5o 04K*si,vc, 04(c) l±. om#K—f<?yf\ 
so 6$r*U 0«P©Alii^— iPAIHWaiiEttoKWfitr 

fF*. ft, 04(a) 1*0 4(c) <Oh<Offi$.<Omm®X' 
$>9> 04(b) tt04(a) <OB<O«S«OBr®0-Cfc5„ 
$04 (a) K*Jlr>T\ 15«In0.5 Ga0.5 PSH4! 
3 Sr Z n <D*m&mz£ 9 t -f 2 b KX 

[0123]Sfc, 05K*JV>T. 1 7tt^llHiawie 
^figfttJ:9^$Jifc*if^*->^H^e>^5^ 

^, 18c i. 9MigS*t5 y j/^»KK«3t 

ho £ 9 y ^S«>ii***(t: u~»f<D y y 5^H*fc|g 
S-t-S^T, fl>o_bf204(c) <0AW®«E-C*>5.«« 

TMttffimmi 1 8 c 4 tri±, ±&%i&mi 

U*5lt«tn«. ZnO, CdO, MgO^*lf?3 
*U -h-tjCO^-eii, ZtlZtlZn. Cd, Mgj555F 

[0 1 2 41 ti*. *jHSW8©«Jt*«6K'3V»rRW 
SflHHO^f B ^SlCj;9. n-GaAs 
•0 (^F*fii|*lS*(i 1-3X10 l«w-3. W^li 
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9 Sum) i^^i/t^S, tktohn- (A 
10.7Ga0.3) In0.5 P^7yK|2 (7ttttft£ 
\* 1 X 1 0 17 cm -3, ^J?ft l . bfxm) , InO.SGa 
0.5 P?S£/g3 (KifiiO. 0 7 M m) , p - (A 1 0. 
7Ga0.3) In0.5 P??yK|4 5 
X 1 0lV3 % %<D*f&m*ZnXKS i % RWIiO. 
25/im) , p-GaAs|l3V^ h®5 
8*1* 2X10 19 C m~3, KVtt 0 . 4 (i m) 5rfeS*S 
LT, 05(a) Ic*<*jft5 *x/%i 7 £Jg#t*o rr. 

±ESttS3tt, ±ESafc«7fcJ3lJSJ:3K % IS 

$)5 0 

[0 1 2 5] ±B*3t^l±K, igfltiglCttS-T 

5(a) fcTjrfipfc. te®JIi:ft5ZnO. CdO, M 
gO«d»6««?«MUeftU| l 8 c trJMW*. rft 
tJl-PixZn. Cd, Mg*S5F^tL 

li. -0 6 ©^ft-Cfr 5 - <k #T?# 5. 

10 1 2 61 V*. H6fc*W*T, £Bfc±WmJ:.i> 
ft$*«M&JfcftSiRi 8«Mttfc«>%. u-?oim 
WJ&fcfflKf&ofc* b5-t7Vi<0* b v*?X b-**9 l 

V^LT, * h?^^©**MM«HMl 8 a t-f- 

[0 1 2 7 J U5>3©*>, :«ll:^|;S i3 N4 X 
IIS i 02 K^gp^jgfiEu, iftfcttLy 

y^^fTSwitefcM, H*S i NSfcliS i02 R 
© y s' h 7-f^c?SofcSB» 1 4 a ©*£2Sf J: 5 

[01281 ftfc, JtfE* h 5^ T^R© S i NRXliS 

i02Rl4a, £tf-t©J:©7;<- H'i'* 

fc l/CflHT. ±8E^M!feltfficjlSl 18a 1 

4 a T«^©Sfflgi5^, m«CF4 *JBnfcK9*' 

0*og|«t?ii2o<D7:*EtiatS:iiiKi 8 c, atfrft 
&!> y5>»«««fcJ3V»-C*/<— t5±IES i NRXIi 

5 i02 mi4a*J8titt&Zk#V&&. ZOXoK 

Lx±®2-3o*m&mffimi 8 c &mut&\^ 

Jb!2*©±©S i3 N4 RXI4S i 02 Rl 4 a£, D 

[0 1 2 9] n-Ga Asti/a-y^l9 

©ffitf>i&*fifcft«:m\ Sfelc-?:©^ iE!) r^y 
ftWllRrt*v^^S:»atLT. &2G 
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g/3cgn*©5 0 0° C£(±, ^3 0»S8«?|R»cJ:9, ± 
2E*$£&$tf&iIl 1 8 b a>t>*OT«>t&AlAJU| 5 , 4 
KpfflWMtoWfcfcU -opa^ttftoltft^i nO. 

5 Ga0.5 PJSH4l3|c:li-54. SSI n0.5 GaO.S 
Pffittl3i5r^^^- y^tiT, fttftitll SjMgjft 

$tts. d©£m, 05(b) ic^i-,tp/j;, i^ta^f)^ 

a 5 «T66ft&ffiit &:fr1-2>. 0. 6 7fim§OInGaP 
/I nAl Ga P^W^ftri^— tf^#5- t^Jf t 

'o [01 30] zni.oUif%'mz<o^mwv-' f<om 

1!©0. 67/imS©InGaP/InAlGaPl!ti 

MIMEffcUtft> & P ffiTOMM p-3^#H5ip 
-?7yKi4 SrgTftttS 3 tzB U mm 

»5C0. 6 7Mm^(OInGaP/InAIGaP^g| 

■cwft-e*. fr^mmcsnjk-tszktfx-zzbov 

[ 0 1 3 1 ] fc*5 x *»Jfi^l8 Tii, 3 t LT> 

*> #«fi^#F«iiWftt>9^, Ga0.5 I n0.5 P^*» 

6 ft 5 g ffi jgSrfflv > 5 J: p lc LX t i V ^ OX 
<6><5o 

[0 13 21 ^lfeMQ . ±!EHH«l|8T?»i. ±fB**6& 
H£StiiR6 i:LTIi, «©XS-e, ^©«figM^©5c^ 
*!p-GaAsfl ay** h€5, XWp- (A 1 0. 

7 Ga0.3 ) 0.5 I n0.5 P 9 5 v K^4 «PICttScLT 
#lrt-Cpl!o K-/<V h tft5i5ftR^ffl^fc„ * 

« ##JfrtTpSo K-><y h i: ft5i o ft^ttftSr^tf 
RSrfflV^TfllfiSLfctro-CfcS. £©J:pftR©0iJtL. 
TJ±, Zn, Cd, MgTJSK-T'SftfcA 12 03 , S 
i 02 , S i 3 N4 , S r Olf, S i K-^$HfcA 
12 03 #tfflV^6£i*-C*5. £tl?)©Rl4^CV 

t. ±EHJS«!l8tISJ«|(OSai*«-»5ri:^-ce5. 
lo i 3 3 J llfiLLQ. - ±f££i60iJ9-eii, ±fe^F« 

JSToiicteK t fc 1 1 #®rt-e P S© k-/< v k t ft 
» 5A5ft5F*M6«r«tfR. fiP<b. Zn, Cd. Mg^K 
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-T^ilfcA 1 2 03 , S i 02 , S i 3N4 , S r O 
S i 305 K-T^ftfcA 1 2 03 «*JflWC«l*Lfc 

#. *mo%io<omm&. 3 

[0 1 3 41 BP*k ±iE*JS{PI9-Clt, **6«5itftailig 

^m^m^itmLxt. zhzmmtxzzox-tt 

vxtiik&zMkzik. />»o. smtLx^fo^m 
mmK%xmvx$*mm&mmu * 

ti. sxi 0lW3#±©*|«Wi?*iSSLfc#SK 
fc^T, ;HF>SrSttfkt5rias-et*itn«, Iff 

[0 13 5] -td-e. *?Bkttl 0&*Hi*m ±en 

SB<ogilg<Ptf> K-ev^ft*ia«ii-S J: Sic Ubiro 
•e. £tU£±ot\ p-GaAsil3V?ni5, 
p- (A 10. 7 G a 0.3)0. 5 I n0.5 P*?? F141 3 

^>ta&K£0^j££H5i£1&«?i&i ooftftttMfM- 

Zn K-T'SJxfcA 12 03 ZRI^ZZk 
fc<fc*>, p- (A 10. 7 Ga0.3 ) 0.51 nO. 5 

5 1>©T\ ML*Cltfrr67Mft«>fttt. 
A 12 03 'P».cK-7'SiX'CV>5Zn««lCttfiiJ-t-5w 
fcifcO, 2fi*/<— fevKOZn K-7*A 
12 03 •Cl~3X10l8 cm -3|r^5t<0-Cfc5. 

m^mmmm*%Mi$M:-t ski-, f£is*«fi!c-f s 

10 13 6] O<D¥$fcU--!f0> 

[0 1 3 7] SMU. ±fi**«8-Ctt, n-Ga 
£p-* 7? KJ§4«r»-CSHSl3CJIU 



(23) 

44 

Htt, r»^iWfea:KilSK6a^f>OpS^ffi^Tl 
~CDffi»£. n-Ga As«gE^n-/^l9rofefi^g 
t<D$(Cjrax.T> Kn-Ga Asmit/oy^l9(0fi£ 

V** Hi l©»ftd»tt, 5 0 0° CT\ iKJl^ffi 
«Fflfift>ix5a5, ±En-Ga Asfltiiyny^Sgro 
5 0 0° C, ft3 0#<D?RWCjtox-T\ ^(OSOO 0 C, 
ifo 1 ioTtSt IC±82 p S^*fi«l«9±^ 7 

10 j» Kl4«p~<o#;», BP*>, ttftffgi 0<D^«rfr5 

[0 13 8] zai:i\zL1t*mWi n?liv ±Kg 

ffifi»j8t*5^T, n-Ga Asm^ny^Jf9<DieS 
fi£fif<D$<D*-?H:, **MfcS£fc«6aa»e,<DpIPf: 

*6^><0Jt^ 5 v m 4 Srg-CffittS 3 tvmm^tt 

[0 13 9] SUfiLl 2 . ±&%tem&, lim n 
-GaAs««Eyay>>l9cDlfeS^ft1 J <0?a, Rtfi 
tl\CMZ.X p 2 a V 9 f }S 11 olftMtftttaMi 
tJ;«, JFtifiWScJIKiea^^lpaay^i'h 
iStpM (A 10.7 Ga0.3 ) 0.5 ln0.5 P?5? 

Kl4^«ptt?^ffiife3554£t8:-t5J:5(CLfc!6S, 

2<OHtefiBH±x :©^«M6a*'?)© 
pS^*E^©Tl^©tt»Sr, n-Ga AsHS^/d;/ 
*i9<T>fi&ft, RtfpS§52=>:/** hll lCDjfcgBS 

&f$,&\ziLzmm{zi!ax.x, $e>ic6oo° c, mz 

[0 14 0] IP*,, r©<t 5lctfc*HJSWi 2l;o^^ 

T@8fcfflV>T£P>»Cf¥L<ffi?IH-.5„ 08(a) tt*^ 
160111 2lc«t5r=-;Hli(0**frl'-ifiS:^t. Mc 
ii^X, 6 Hi. iESiffi^ny^ggwaftii^fi 

<o IC. p-Ga &s%\zi>f>ir H5?rigTp- (A 1 
0.7 Ga0.3 ) 0.5 I n 0. 5 P ^ 7 *y KS4<Djfc«P*? 

3lC(±^LT^^V>t)<0'Cfc'5. 
[0 1 4 1 ] 08 (b) li±E@8 (a) 

0. 6 2»i5^f «k!)/i5r=-/^g*«:, 6 3»i. 
T^-zvLi^ti-^^^eOSr^-frS^-h. 6 4 
li, h6 3S:ffiUAn-t'5fc46(0?|$aiL^-e*) 

5. Sfc. 08(c) 14. T--/ULfc^O±E**«s:^ 
so — !f|r*U *JgBC*J^TI*. 08(a) rote»®«6 
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1 #T =-/Hci i) h'y << 74 >mZKZ> Z k \z£ 

[0 1 4 2 J #3ilfe0!Jl 2K£**igB:u-1f<Ofiig;fr 
ife-Cli, nSGa As®^n 7 ^l9<oaJi)ji^figft 
"I 5 . XU\ p-CaAsl23^?HllOgS^ 

(A 10. 7 G aO. 3 ) 0.5 I nO.S Vtjy K14, p 

®«6 i (@2(0i oicfas) as$fi££;h-5#, i-^-c 

* U— f SrlfeSfSfi^i *> a 9 Hi * tU L# 6 4 „ 
&Xf#- h 6 3 SrfflV>TT--/vgfi*»:6 2 ICAH, 
r r-cmifft 3 o ^Wicfcfcoxr =--/wSrff 5 z t 

SfcldK^^VftlSfctTK »14S3lcS1-5iJ;» 

ioi4 3] c <o}§^ ±&*mmm 6 a *»e>© » 

pS!3 ; #$!jtf>Tfi''*<D&$to s , n-Ga Asftgftyny 
^l9©«g^F»a &tfpS&2=rV** Ml lO 

[0 144] r«oi7^*»JSeiii 2icmm^- 

Kll4©&4>£Xtfc1&$tffc<0^ SrTctcT 

glH3IC4-C?J8-t-<5<fc5£Lfc(DT?. In0.5Ga 
0.5 PifXcS^Sft^FSftSOx-f^^y^ 

[0 14 5] jjffiglll 3 . ±|S^lfe«s!8lC*5^Ttt, & 

tt<OltR)£g v * * £ & § K£ J; 9 fr y y -f $ - 
[0 14 6] IP*>. 3 let 5 ^^U— 

[0147] *^{S«SJ 1 6 T'li, ^ffild±EW«t *) 
5^*6«3tt:»iE^ (06 (a) tC*Jft-5 1 8) £JfMLfc «> 



(Oh. lilt. u-1frog^^ei5lc?&ofc^h7'f 
:7#<0*hui>* h-v** (0*-fr1*) £%^X'<fi- 
~>rLXx b747#<0*m&»imi 8aiU 
07(a) (06(b) iBC) it*. 

[0 14 8] Ctf5±(CS?,ldS i3 N4 XI*S i 

02 Bll 4 4r£ffiWiMU ±K* h?^;^*^ 
St&iH&l 8 a, &tf±K£ffi<OS i3 N4 XttS i O 
2 Kl 4 y^fife®«|dfto7t* h H>* 

h"7*? (03MH*) Yx-vf-^VKC 
£*)Af>-z.>>f1r%>Z.b\ZS.<i). 07(c) fc^lx* 
2oro#4A^©JF^ffi»JlKl 8 c , RWJ y'J 
tem&Kfkilt* 13 N4 RXliS 1 

02Kl4cfc#2>„ 

[0 14 9] *LT, ±|ES i 3 N4 KXtt 

S 102 &«fc!>fc2>v*M 4c$T&*-f*rtfc<, 

iffiflGaAsny^ f>S5RypS±^73' Kl 
4<0-U&x-<y?y?lX}) yi?8&mf&U Zto®, 
hterx? l 4 c?r-t<0ti®^fiv^^£ UT!) y 

•^SBictt^y d y >;m 9 *ai«)ii*figg Lx **>&± 

E^^i£ft»l 8 c&t)5®^fiE^v^^ l 4 c 
S i l^Offi^figL, ±teHte0i|8£^o?^fl:U' 

te^ f 7 * 7°K<D*m®m$m 1 s a <o v v >m$& 

#8MH 8 cLMoUfth. ±ES 13 N4 S&XliS i 
02 Ki 4(D]) v*W,fmmifi-<»U%<r>, 

ic i 5 ii^coi^* mmxfo ^tm-r zomz 

[0 1 5 0] £MH1 4 . ±|£Hli«HJ8~l 3-Ctt, ^ 

®<o£mct>tz<oxm\ pm*m&&& 

1~2X 1 Ol8£JLti;;i5VNp§! (a 10.7 Ga0.3 ) 0. 
5 In0.5 PiS'yy Kl4Sr^i-2.J:pldU *fc, 

<o*m<Dm * \'-?m®<r>mmx'<D&mmi: 
mt^zmto^xn^ ztizmmKix-mL 
z*£xzii*>?<(**-?u mmomfSLZfts&b 
icLfcas, *3U60ji4ii, zou-vmrnozmiz. 
t>itc>xopmi:t7yh'f§<r>ft*mmmtb, v- 
■f mmmmxo%m<r>7 ! ■< x*-?mzj:z 

[0 15 1] UT, *HMl 411^5^*^— 
Kit#i££, 09tdoV>rrai-5. 0 9ldi3V^T, 2 
6li±iepSGaAs^l3V:?^ V— 0 s * 

^fcS i N/>«e>/,c5*2:e:^^-^ 2 7l±u— !F#lgS8 
WJgffiS|5^-C*ISSSJ:Ep5!Ga Asll hS 

5±{zmi&^h. ^m(omx\thu>m^^-m 
2 6 ±(d^$nfcZ n O^i 9 /jrs^^te^as^; 
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2 8 \m*mmtmk* i ±.mr$.zix-tmftf8.&v 

10 15 2] EIT*X1MU 4<7)m»^—f<om^ 

SHCoH-CIIMWS. ±EpS'GaAsSll=':''** h 

-C$>9, JfcpSfGaAsf&l:^** hiSi 

<0±M^ PCVD (Plasma Chemical Vapor Deposit! 
on) ttl£±9*ftlS^$-Clifcv>S i NK£, 2 0 0° 

ttziim< Xo'<9--v?L, r*ilc,fc9, Mil 
2 6 Sr^fi£t5, 

[0 1 5 31 -tUT-ErW^, £B»c, *«&4£»ai®fc 
150° C«*/<y*ifcfcJ:9 1 500*y^Xha- 

-CIMfi1-«s i NifcliS i 2 03 wivfe^BIC 

fc£ 9 , JbEfttftx *-K 2 6, 7MIMMUm 2 7 , 
S^fi^^ * 2 8 fr, y -y 

ifc5fc<DtLT, ZnO, CdO, MgO$#*>9, 
•?:*V?iXZn, Cd, Mg*i, p- (A10.7Ga0.3 
) O.S I nO.S P»??KJ14, p-GaAs|l3 
h®5«pl^ti6feitTfegcLTpS0K-^y 

[0 15 4] ±E*£»X*-R2 6, 7ftfcJ£ft 
2SK2 7, SJ«Kft^^2 8*»6«;5RSry yS?*y 

ni5, RWpS^5j'KS4©-SpSr8fe4fcy y 

#<DftU: J: 9 , _hfB?F*fi^6E»aa^ 2 7 J; 9 ±E P Sft 
lGaAsn^? H5X0tpl!^7S' Kl4'<.pS! 

[0 15 5] r^±9^*fiftltti:«2 7l'<OZn§ 

nn&mvTmopMnyfit his, sutpsii'^ 

li. 3F*EftttftJHS2 7©TtJtJiii^!6t?ii<ev^s i 
N&2 6&, 7 , 7X-?CVDjfelci9a:«t^/i'-8Si:L 

it. Wm.*fi<-&1 6»ci9»5tf P)ifCKt2:»^/w- 
&2 6«Xev^Ett*3S»*««lcH:L'>4^*t?<»o 

«*tfH 9 * ftSSS 1 O^MMttttMK 1 0 a « «t 
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Sfl!20*ft«HEftffttl 0 b (Dip left 9, «#JS» 

G a A s 

M5&ofjtittTAl Ga I nP*?yKS 
4IC*-CAtirf#^yTi:LT«lffit5t>0-Cfe9. r 
oMK^dMHttGWOfltt-CTMM^ pS* 5 y Kff 
4l>W^rt-CA2)A>l±. ±E^7X-eCVDttlcJ:^ 
■o s i N*/v-aH2 6 roKSroK^i^.t 9 rftfcWiP+a 

[0 15 6] tlTIi, ±E2iK0!ll~5l<:fctt;5i|sJ 
pSf2GaA 8 3^^hill, Rtf«ffil 
2, 1 3<OJgf£«rfT9if:IC < fc9. *H!|fiiiJl 2W^» 

mmommmf&mmits *m<oto.ttmi o b 
mm 3 Kg Lxz.tiiT'j Lxmmm 

7? Kg4«PlC*^^a:»^«l 0j5S^$HT, 

I o 1 5 7 ] r J; o tn*%mm 1 4 /OJNIfrW— f<r> 

5 r tiz 3; 9, ±Ellte«ftli~7lc*5tt5. p§!^*fi#i 
8*Wil!^pi! (A 10.7 Ga0.3 ) 0.5 In0.5P* 

«*J8~i 3 icisits , u— f $mm<ni&mmx<<r)%& 

M<n<f4X*-?ici:z,!&mfe<OM&t:ftoZttfX' 

» u-— y^^-gttt^f fit*** i'— ifo 

•c#5itt^ «;«it*{|x.5ri:ic: < J:9, «8®^k 

ttt<mmjjw>m i i ! imx'bzb^^ t 

v^ 9 Pf*«MMkfr«ia«it.fc*«f|: i^-if 
[0i5 8]SffiMlA. ±E*ifefi»li 4?ii, z.nv 

tt^siEfk t , u— fm&ommmx'<z>%&!g <of 

^ffl«SrlSfe<a5»cD^tefft^/u-^2 6Srtt, y 

tt»ilM2 7 U *>0^©±l^5?^^^^ 2 8 
*#t-5t>Ofc»*Lfc*« t **JSfi«Jl 5li. ±EHt 

^®^-CliKJ?<DJfi\ tSoT^%ii:<D^V^2(D^ 
so [0 15 9] GIT. *3?tS0iJl 5 u— froKig 
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lOt^T, g&±EpS!GaAsSJl=>y** M5± 

tommum. 3 1 ft&mfemm^z r m 

WMrftfco^-CRWt*. *1\ JJBXIMii&tttt 

SfcHiWC. S&llHlB©*SJ.)£&lC«t*>, n-GaAs 
***S«±I^ n- (A10.7Ga0.3) I nO.S P 
tvvYmi, I n0.5 Ga0.5 PjS14S3, p- (A 
10.7Ga0.3) I n0.5 P^7y KS4, p — G a A 
sSl3>^ hS5$TfcS.fifcgL-C. 05(a) IC^* 

1 0 1 6 1 1 *K, ilE-Jroi/N i !/ y isM&m 
±.<r>wm^^.1r^^SiXh^ 2 2 

<»*m&mmz 1 *#tS7Mftl£ftftR, 
t5. c©^|«»Jt»jH8i(0/^-=y^}g«ii, fgi 

[0 1 6 2 J BPt>4-f, 07(a) 

OTiUMttftKllS 0 a (18a fcftg) 

03*.tf Z n 0m&' J l9--y?i-Z t #l±7 y$fcffllr> 

I0 16 3J LfrZOh, zo±\zzb\m7\zmz 

S i3 N4 XliS i02 ®14»Cftx-C, %KO*m 

mmmsi unasm , *>avM*$e>fcsi02 

*±BK»*L-C. MLettMMMfcMtai (l 
4) £±fESg2<O*M«£»ig8|3 0a (18a) i: 
t\ y yi?»J*lttiKjBofc*H/J?^ h-r*? (0^ 

y v it* v 7-c7\z®ck.mm i n*wmmm 
31 (i4cictts) , av«2<o5Fi««itt:»aie3o 

a (l ScKfciS) Z®tZ:?'*i>-~y?Bi$.-tZ,. 
[0 16 4] i©J:5KLr±B»l. «2©^#6*tt 
SWJI3 1 , 3 0a frjgfifc Lfc&li, ±E& 1 
tt^ifSJ^ 3 l-trot©*, fcS^licivi^oilcJFM 
LfcS i3 N4 flgXfiS i02 81 (la^-tir-f) fk'J y 
•sx. v 9 y 9i 7. * Rxtmfti&& v * 9 t L X * <T> £ £ 

JilElgi, »2ro^«fett»iK»3 l. 
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30aiSrJgfi£Lfc«li, Cl*l6ttMttN5fcafcJH,>fc 
(0 16 5] ti-GaAstil^J'?|9 

•y ^ ^ ^ * 9 mmm&-?x4r &m lx% 2 g a 

K3 0a, $>5Wi3 0a, 3 I «PWZ n^(0«fi£5c^ 
i» 4ttt?FI«»*, Tl<OpS=y^^ K®5Rt;pS^ 
7yK®4f^ltffitt'5wi:i/j:$as, r©tt*H!| 
0iJl5-Ctt. ««ig®figfSJsS-ett, **E®>i£fa&|g3 0 
a, 3 ltJ;5K)eaSl SOOsJ-y^ ho-i»tg[ 

3 l^iSKJS^SOO^y^ hn-^iS^(0-C % 

©itft^n7rWyH±. 01 0ic^$ti5±5l^ 09 
l^$^5t<DtP«(0, ^«!fea:fi:®«cl0a. fc5 

mmm 3 ica tr ^ Lx&mmz 

' *JxW^-©fil«-Cttpl!3V^ ; {' Kg 5. Jttf 

PS^7? Kl4«f»K*T?^«ttli£ftffi«l 0^fi£$ 

[0 16 6] rroi:p^*3liSfiaii 5fc*5^m m 

mcm+t>m®vy yvmtmt mmx-kz 2 
m\cmw^% 2 (o^M^iitaMii 3 0 a 

J£gtiK^3 1 ?rtt5^M!»iia:»ililg?:^fie-f5 J: 5 ic 

Lit<ov. ±wmw^*mimm 3 0 a , 31 

1 0«:^fi!c1-5o*i/f Scot?, JJBHMU-4 fcPM 

[0 16 7] aatwi e . mmmi s-eit. ±ie>f 

^SrCfTofcriS, *jUkMl6B. «20TMttttlUR 
R©*mt, «2«>?M«ttlRMRe!>«mj:]i<A&«J: 

* [0 16 8] KIT. *3ltS6Sli 6(0*fetcov>TliiW-f 



«Bi)i|if-1 6208b 



51 

<fc9ft$**M8lteRRRl 8£J&£Lfc©*>, ^tt«r. 
f~ !f ©&R«JBRRU:»ofc* K 7>f hU-^ 
* 1^**1 9«rffl^T. ±S2£ffiW*&&&ifti[&l®l 

s^^-^y^Lx^ 2 

RRl 8 a i-t?>. wit^li«9JitfZ nOSr-t©«j58S 
10 16 91 Lft»«*>%, ro±K$e>icHio?Mlb 

±^2©*R8rt£RRRl 8ifeiyfy/LftV« 
s^J^ttf^fcfcJ:!*, ±S2* h7^7*#0>82<9 
*t*&t£RJSRl 8 a trRLfc**, RJgl O^MMtt 
RRROttftoRo!) K5^yic»ofc«B» (l 
4alCtBS) 5'<*-=V^fiJEt5. r. 

i-e, Rmi©*«fcte»j!gR (i4a) ±ti±, go 
RRRft-v**fcft5RtrWRfc»RLT. wtlifcfc 
C±RR 1 ©^RRttRRRtr/^-si^+S 

[0170] ftt, z<om<o*mm.mm. *>*^ 

ttZtMZ<0±.\mi&L1tS i3 N4 RXJiS i 02 R 
1 4 a t LTfflWt, ±K**fi«!>&RiliSl 1 8 

arogfflgp^Sr, fl*tf::;taB<ZnO:K>ftSRfttt, 
0lx.tfCF4 *»v»fcK9>f*y^^(cJ:9R*f8 
rfcfciO, «-*4ftjg^ro2o<o^20^)iJfifefe»j!I 
Rl 8 c. Xtf*©±©y yi*RRRRfc*ofc* h? 
-< 7*tf©Sfl 1 0>*MftttRKR 1 4 a Zm-fS Z.t» 

[ 0 1 7 1 ] Z Z t\ ±RR 2 ^KRRRRROtm 
t, «2(0^ttftt«Rfl|tR(0*t»i^ll*5»^©«!li 
tTtt. ±E»2<0^tt«tEftRRfcZnO«rfflV\ Jb 
RRl©*R*MflftRRfc, CdO, MgOR, $>3V> 
ttCd, *fcttMg*K-'<j/ hi Lr«trRfrRv«« 

[0 17 2] roJ:5**RR«i6W3V>-Cf>» ±12 
RRRl 5 fcRRoRRKftft^RMittRRRfcRft't- 

5 r t , r.*ifcj: 9 ±errr 1 4 1 hrorr 

pR*7yKR«>?4IRRKRffkt::fclsJ:9, R 
f— !To*H6tft«r*ft<fiR-C#. RRR#i/-*»0 
**RRRRfc*itt5*# «etttt9cR«:RRi-6 r. i a? 
■Ct« title, RRR*R*.5ci:fcJ:9. RffiS&fc 

[0 17 3] RRRl 7 . JbCRttffil 4-1 6^14. 

RRR3 0 a , 3 1 t LXs &<r>TMX. %<r>mfffi® 
<07C^*5 p -Ga As^l^V^^ H5, Rtfp- 

(A10.7 Ga0.3 ) 0.5 I n0.5 P?5:/KJ§4«PU 
ffif&LTfclrt-CpSro K-/<v hi//* j:5 4R*ffl 
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[0 17 4] l 7 0RRRI1, 

»RRiLT, RroXR-e. RR«P©^R*4«RRTO 
1 CRR L fc 4 * #Rrt -C p fflo K-^<y h i 4 * i: 5 
4*H»*£1*R«:ffiv»TRrtLfct>©-e*>45. rroj: 
5ftR©«4LTtt* Zn. Cd, MgtfK-^Sixfc 
A 1 2 03 , S i 02 ; S i 3 N4 , S r 0$, S i # 

K-y$nfcAi2 03 ttm^zzttf-ez, ztut 

RCVDR*Rv»TrtR*«. io* 5**3Wfc« l 7 

[0 17 5] RRRl 8 . ±IBHJfi^ l 7 7NR 
ft»RR2 6a. fcftVttftl, R20TI6ttRlkffR 
3 0 a, 3 1 i UT, R©Igt?, RRfoTMfttfR 
RTORKRRtfcfctfrlrt-CpfiO K-/<V hi* 
5*5ft5F«R«:£tfR, BP*>, Zn. Cd. MgtfK 
-7*£*lfcA 1 2 03 , S i 02 . S i 3 N4 . S r O 

S i it K-7*<**lfcA 1 2 03 ^zm^xmiSLLit 

»s *«ro«i sorrr!*. zvtsmwmttt. 

» RR*RWfcR*KJ3^T, &**Sfefc»2SR<P^© K 
-eyr*Zfgmt<bZkiz£oX. &RT©R^t£R 
r*7MReRK*Rft1-4SJ:9lzifc%0!>-C*>S. 
[0 17 6] BPfe v ±|BllJ6«l 7-C«» 7NRRRR 
RKt6^«ROttRi«c,'Rfc*RIWMKov^TI* 

«Ji5gtt^ (c £ x-m L TR^RttKBRRtrRR t , 
» R^a*Ott«ttKtRv«R«r4«J:ii**. R 
5X10WcB-38K±©^RRR?-*ttRtfc»* 

^ a R©tt«ttKt>»v^RR*:4** C fc i ft*. 
[0 17 7] ZZX, *Slte^l 8|e*5»t2>ip»e, it 
f^^§«»-cRR4iiTV»Sto-Ciiftv*»pK. 

T, rn»H9lc«rt«7MM>RRRR2 6 8. fc5v^ 
ttR 1 0 IC£lt£7ttRRRKR3 0 a . 3 1 1 U 
oRBtfroK-fV^RSrlHR-rsr.fcfcior, ±R 
40 p- (A10.7.Ga0.3 ) 0.5 In0.6P^?j/KR 

4, p-GaAsflay^ M 5 ^WltSt^gS 

SrR«i-r6J:5ie-t-*wi:*5i?t5. fctttf. z<oi. 

? ft?NRRRRRleZ n K-^^tlfcA 1 2 03 ^ffl 
i , p - (A 1 0. 7 G a 0. 3 ) 0. 5 I nO. 5 P ^ 7 
y KR4HtR1-45^RR©RR«rRR+5r.fc*-e# 

5. Rft«PKttRi-6TR*®*ttA 1 2 O 
3 «pKK-^*Jir^5ZnR*lCtt«3W45rfctft 

•J. fctxli, 2fit/<— fey h<OZ n K-7*A 1 2 O 
3 "C1~3X 1 0l8cm-3|Cft-5t(O-C*?5o * 

» RRRRRR^OWIROK-fv/OJSrtttt. RTR 
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I 0 1 7 8 ] i <OZ. 5 1 8 ©tHtfritrett, 

[0 1 7 9] UlfiLLS.. ±E^lfe0iJ l 4 ~ l 8 lc*3V^ 

fcS i02 , S i3 N4 fcffl^Sfcf tt. rftfclimil 
:/oy*®9&f?j£gfcJ;9mjfct$B5. •fcrofcfijSS 
KSH-Sv;** LXt®mLX^Z> 0 oft), rjib 
s i 02 . s i 3 N4 J; t) ttttWto&mm±\z\t% 

***K#fC^^ £ LX««lt5^ltt?li*< , Z 
rO. ZnOKovvCtt, rflfcttSftdcfiffi©^** 

[018 0] ftoT, *HJ609l rixe,<0±»C 

ftjS&6 aJblcSfcfcS i3 N4 -*>S i 02 frbt£&8 
1 4tjRCVD«6CiO*Rt«J:5Kt 

o*»5i***ftff 5 1 * lc» !> y s> 8 JiKftttKM 

? K l 4 1*. ±E««yn y *E 9 <r>W> 
j£*j£g&lCp-f&2GaAs=y*4' Hi lfcj&fc 
i-6fc§B. ±£5F*6«Jtt»JR)R6 a I: fcHMNKR 

[0182] wCi 5 1 9 ©»3g2f ifcT?!*. 

^*Efet2:gciISlg6 a±lrS5>lcS i3 N4 i 02 i>* 

-If*** r t 

10 18 31 2 0 . ±K«IW14-CI4. n-G 

4UtlHMi6«*»b. S$l p^V** h«5i:pl 
(A10.7 Ga0.3) 0.5 In0.5 P±^7y Ki4© 

mmnt, z<o*m&mmm a a>6© p 

©±*?y K«4^«14;lR*, ±|gn-Ga As«8E^ 
ny^®9<0igfBR£S1'«fii^ax-C, En-GaAs 

S»E7'oy^S9w^s^o±EpS!jg2 3y^iS' hJS 
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l l^fafiKS^coiSi*wJ:»)tT9J:?(-Lt'b»T?*) 
9, rixli, 0tpS$&2 = >** Ml lrofeS^g^ 
fctt. 5 0 0° , ^l^rflWs«4-f5t>WCfe5. 
[0184] roi: 5 lw Lti*mW 2 0 "Cli, ±EH 
J&mWSIO-C, n-G a Asmflt7'oy^i9<OieS 

*£%<0±^ 7 y K® 4 ^<0ftmi*+W£&S£i3^X 
iO«tHlCpS( (A I 0.7 Ga0.3 ) 0.5 I n0.5 

[0 18 5] ±IE^te^2 0m n-G 

aAsm^ny^Sgroi^SfiSfi 1 } 1 ^, fcSVMip 

»JKKA»e>8i play?? H5ipS (A10.7 G 
a0.3) 0.5 In0.5 P*7> 4 om^X^tm 

<o*mwm& 6 a t>b <o P sTtt^oT® ^<om 

n-GaAs«jjSt/n S '?S90fi£S, pll!23 
fr) &ftoZ}:lzi:i)ft?ii5izL1ti><»X''0> mtti 

6oo° c&.±<om&x®3o#m<omT--ji'i:fto 
[oi8 6] tfer^B. m*mmmm*b<bv 

WfmwTm~-<r>Hm.\t, n - G a A s HiSET'n -y 9 
i9«Ofieft^«)^, ifeSVMipS}»2 3V?^ Fll 1 

x<r>i&m$&m*>'>tJk\^ m^o-nmox 

xi>t^t<oxhi>. 

[oi8 7] z<osL?\cLiz*nmm i\za^x^ 

±12*^14, 19ICjo^T, n-GaAsli^n 
s/^S9<DfeS*ft*<0!Sl, h^Ht^b\Cp§SM2 = 

#&®&K*$^TtK J:!3«t3ICpS (A 10. 7 GaO. 
.3 ) 0.5 In0.5 P±?7y K®4flC0rS©SS©ii5 
<o SfilSr#5ri:*5-t ? |:5^^5fe5 <i 

[0 188] 

fcWC, p-InGaAsP?77KI«#t!'r8« 
*1~2X l Ol8cn-3wil5Sg|c*f7C^<-r'5-<t«5 
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hi. 

10 1 8 9] HtZO%W\c£tUi< 
5?>|CS i3 N4 ®*><5l,>fiS i02 R* •) fcSSftfifc 

[0 190] *fc, f<08i 

&i LXattlt S £ * £ ti •) , HitH*«)^Wtg*!S« 
[o i 9 i] z<o%W£frfr&*&#i'— f©« 

I n G a A s P> 7 y VM<t>*\ i> 7i8£SrSi8S{Cig[ 

(H9i«>ft¥ftR9U 

0. 

[0 2 ] *%®<d% i olUIWs Wfld^- ^<o« 

[®3i ^m<om4<oumm^3i^m^-fm 

[04] **H»»8©*»0«i::.fc*¥*fci'-- f<nm 
[05] *8neft80*IfcflCJ:S8tt&**-t-6¥ 

[06] *m*>%8<Dn&w\z£z>*m»i'-v<a® 
teumzm z *m<to&mm<»'< 9 --whim.* 

[0 7] 3©SW«iriSJN»#w— 
Kig^&lcfc it 5 7MMttftMI«>/< ? - ~ v ^OIS 
£*-*-0„ 

[08] l 2<7>HJSffijirj:5^>S*i'— tfo 
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*-f0. 

[09] *|g^<psi 4©H«Wirj:5^*w— !f<D 
Kit*tetcl3lt5H)gim<O-a«r*-f0X*)5. 
1010] *«Wwmi5(0^1|fia||cj:5**«:u— 

[011] t&fc© 0. 67^ m%0>*&fr V~ fomm 
0. 

[012] 0. 67), m^co**#: v~fe>m 
>o #£*RiB1-.5fc*!>©SagIg0, 

[013] $*©Bm£frRHtSfcfcl::*3gE##ff 

Z n«tt*«Jtt, »c*ft 5* + !/ 7«£ote**-f 0, 
[014] K» fcffcSftfc I n G a A 1 P U-— If 

[01 5] XSttl) K^ftSInGaAl Pffittifc 
In0.5 (Ga0.3 A10.7 ) 0.5 Vtjy KgO®-g- 
<Od t h©§|&t LTOANeff 0«-»««r*1-HT*> 

» [01 6] «*-K3fc*ftI nGaAl P u-if ©&<D 
fiti§*^-t0. 

[0i 7] hbb w-itowmb m#>tm<»vnm, s. 

[018] legfHffi-C© I n G a A 1 P y-fA^J- o« 
5. 

[01 9] I nGaAl P- I n0.5 (Ga0.3 A10. 

7 ) o.5 p ?7A>^TB#m<o®fc&me&<7>®&m 

so [020] *— /KDftS 4X10 IW 3fc to I n 0. 5 
(Ga0.3 A 10.7 ) 0.5 Ptfy KSSrtoU— tF^ 

K©****-*. »^*fj£:-t-5*-^Sr*1-0-e& 

[021] InGaAlP W— f <D»8SiSiJ^t?0^16 

[02 2] T^-fe^iSSl^t^ny hSn/h6 5 0 
n m<D$L&(K> S B R U-lFo4Wta«*r*+H"e*>5. 

IE2 3] t-b : >y?u8[5ox:-?<Dx~h&txx^ 

102 4] CO 6 3 0nm^SBRU—1f^ffl^*f 
IE92 5] 6 3 0nm^rCDHBB^— V<»%\bJ)ttnM 

[02 7] i»«*^««l*ft;fefl]fflLrff«*h 
so fc, ftXOCCttSfftA IGaIn P**«*^fO 
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it, m<omm&tt% A l G a I n P**W#U- 

[02 9] H2 7lC*tS6«ISift*AlGa UP|* 

So 

[03 0] B2 8l£*+«*&tt£AlGa InPl* 

So 

m 3 1 ] *«W<o3lli0J 7 <o¥$ft i^— if <oKi§*& 
[ft^toffiE] 

1 n-GaAs*«*Sfi 

2 n- (A 10.7 Ga0.3 ) 0.5 I n0.5 ¥$yy 
Kg 

3 
4 

Ki 
5 
6 

6 a xbyjym^mmmm 

8 yyvm 

9 n~Ga AsSSS^oy^^ 
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I n0.5 Ga0.5 PSttl 

p- (A 10. 7 Ga0.3 ) 0.5 I n0.5 P*7? 

p-GaAs$l hi! 



1 0 
1 1 
1 2 
1 3 
1 4 
1 5 



p-GaAsS2n>^ SI 

WMW»fci9f , -f^ah-^**bfcI n0.5 
GaO.SgftUl 
16 W#l/-ffy^ 
1 7 

18c ±E<D*tt«&fc«a8K 

1 8 a ««®icffi^-r^<Sgf{«$Hfc^M^tfcSt 

ill 



14c fcffififcft^*^ 

1 6 d Z n K-:/$ftfc A I 2 03 ± 0 fcS**MMS 



mm 3 KM:* u x i 

h 6 3 Srffl LAhtZ1tib<D5\ tffi b& 
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6 3 
h 
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1 : ivGaAs¥*fcllfi 

2 : iKAI07GaQ.3)0.5ln0.5P? 5 y KI 

3 : In0.5GaD.5PjSttJI 

4 : p-<AK).7Ga0.3)0-5ln0.5P?5 KJB 

s:p<3aA8J!5l3>**HI 

e: 'J? via* 

10 ; **Stt#*WSi* 

11 :p*3aAs!K2 3>*?H 

i2:p-«« 

13'.rv«4I 
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II 7] 



II 9] 



11320] 




1(22 1 1 



tvGiAa 



| <*UA» 1 






Wov«t length (tua) 


€60 
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HBB structure 
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-AO -20 0 20 40 
G (dec) 



IT 



100 
Current ImA) 




t@2 3] 



50*C 3nWm»M 
(690«n) 



1024] 



200 



300 1000 
Aflnglfam (tern) 



[027] 
107 105 




100 200 
Current OnA) 



108 r v 



104 108 



zazaza 



T 




I28] 



118 107 




(35) 



126] 



Material Parameters for lnaj(Gaj Al. f ) 0J P Used in the 
1 Calculation 



Parameter 


Value 


iXViifiVlllb IIIUVA 


■V J.UJ U. J /JC 


Dielectric constant 


< « (I2.0 - 2.0x)e 0 


Bandgap 


£ /r 811 I «90 + 0.6x(eV) 
£ <Jt = 2.25 + 0.Lr(eV) 


Band offset (relative to GaAs) 


AEo- = 0.19 +0.27x(eV) 
A£„= 0.30 + 0.32x (cV) 


Effective mass 


m, r = 0.099 
m tX = 0.35 nig 

= (0.62 + 0.05x) m<> 


Nonradtativc recombination 
lifetime 


i> 88 9 (ns) (active layer) 
r p « 1 (ns) (cladding layer) 


Gain coefficient 
ig = io + S«p *P) 


go - -100 (cm^ 1 ) 

* ftp = 1.4 x 10-" (cm 5 ) 



1030] 



[H3 U 



(a) 



(b) 



101- 



(AlxGai-x)o.5lno.$P 
0 0.S 0.7 




105> 



101- 



*150 



,118 



I 



118 



si, 



106 



#88117-162086 



(36) 



[122 91 




w_J 110a 



105 y 1<0 H ht; 




[tltllH] ¥f£6^1 2 J! 1 30 
(*&IE*ttfeJSB£] 00 2 5 

imm\ 

[0 0 2 5] 01111, ±E**(1) fcB**<*lfct>© 
bWI§<0&%<00. 67(imfOInGaP/InA! 
G a P*©¥»*i'--9 , ©«Wa*r*U 0 1 2I±S8¥ 

V*T. llin-GaAs¥*fl;S« (TOIMMEf*l~ 
3X10 18 CB -3, Jf 95^) -C'foSo gtn -G a 
A s 1 ±ICI±, n- (A 10.7 Ga0.3 ) 0. 

5 I nO. 5 P 9 5 y Kg 2 (*t6«J8£tt 1X10 "cm 
-3, KSIil. 5m) a 5 Kfi$*l-5. Kn- (A 10. 
7 G a 0. 3 ) 0. 5 I nO. 5 P * y y Kg 2 JilCli, 7 > 
K-:/<DIn0.5 Ga0.5 Pfirttg3 (^151*0. 07 
Mm) ^ESSnS, S£ln0.5Ga0.5 PSH413J: 



Ktt. p- (A 10.7 Ga0.3 ) 0.5 I n0.5 P±*5 

y Kg 4 (**E«Rgli5 x i oi7 a -3, 7ttftl*z n 

XttSi, KJfiiO. 2 5,im) #et<**tS„ Btp- 

(A10.7 Ga0.3 ) 0.5 I n0.5 P^7S'K§4©!) 
y 5% ( P y 5 . Sum, !)y 5>±* ©♦! 

143. Oum) 4a±<DS?^|i|i % p-GaAs^la 
WH5 (7Mfeftftli2 X 1 OlWS, mUtt 
0. 4//m) jJSEg^tlSo $P~ (A 10. 7 Ga0.3 

) 0.5 In0.5 Ptyy YM4<DWmU4 b±W4, 
n-GaAsfI^n^|9 OFfcE^iSffiH: 6 X 1 0 
18cm-3, Jf|± 1 „ m) Jifep-GaA 
sllav^ M5J:. MlSn-CaAsSffiy 
ny*g9±Kti. p-Ga AsS23y^^ Hi 1 

(^«*ll*»t 2X10 1W 3. m-it 2 . 5 m m) A? 
Et£il*„ ±12 p -G a A 5123^^ hg 

1 lifctt, T i/P t/Aui^^Spdimffil 2*5 
KESft, p-Ga A s ^ftfiK 1 fllCli. A u G e 
/N i/T i/Auit)^5nffi!imffil 3#gEB£;h. 
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5. *is—f<Dmmzm^iz&ft<Dmz\ti oonmT? 

2] 

HtiE*t* £41 91*0$ 
[*§iE*r&lgS4) 0 104 

10 10 41 r <*> «t o fc*3S!S0<l i o*»*^-*«>K 
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